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Foundry,  report  of  Gun  Foundry  Board  on  best  location  to  es 
tablish  a  Government 

Fourth  of  July  claims  (1864).    (See  Claims.) 

Freedmen's  Hospital  and  Asylum,  report  relative  to  condition  of 

affairs  at  (vol.  2) 

letter  of  the  Secretary  of  the  Interior  rela- 
tive to  accounts  of 

French  Claim  Commission,  report  of  the  Secretary  of  St^te  on 
final  awards  made  by 

French  and  American  Claims  Conunission,  report  of  the  Secre- 
tary of  State  relative  to '. 

G.' 

GsrfieM,  James  A.,  letter  from  Colonel  Rockwell,  relative  to 

statue  of 

General  of  the  Army,  annual  report  of  (vol.  1) 

General  Land  Office,  annual  report  of  Commissioner  (vol.  1) 

Geolo^iciil  Survey,  anpnal  report  of  pirector  for  1883  (vol.  3^ 
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TUI 


INDEX   TO   EXSOnTITE   DOCUMENTS. 


Subject. 


GoverDmeDt  Hospital  for  the  InsaDe,  report  of  tfae  Board  of  Yia- 
itors  of  the  (vol.  2) 

Grand  River,  Michigan,  report  of  the  Secretary  of  War  on  the 
improvement  of 

Great  Britain,  report  from  the  Secretary  of  State  relative  to  ex- 
tradition treaty  of  1H82  with  . 

Greeely  relief  expedition,  message  from  the  President  of  the  Uni- 
ted States  relative  to 

Gold  and  silver  certificates,  letter  from  the  Secretary  of  the  Treas- 
ury in  relation  to  1  he  issue  of 

Guatemala,  report  ef  the  Secretary  of  State  on  boundary  be- 
tween Mexico  and 

Gun  Foundry  Board,  report  relative  to  location  for  establish- 
ing a  Government  foundry « 

H. 

Hale,  W.  J.,  message  of  the  President  transmitting  papers  rela- 
tive to  claim  of 

Hancock,  Maj.  Geu.  W.  S.,  auAual  report  of  (vol.  1) 

Harbors  of  refnge,  letter  from  the  Chief  of  Engineers  relative 

.    to  the  care  of  the  one  at  Sand  Beach,  Lake  Huron  

Haswell,  Jchn  H.,  letter  from  the  Secretary  of  State  relative  to 
purchase  of  "Chronological  History  "  prepared  by 

Hogs.     (Sec  Swine  Products.) 

Hot  Springs,  Ark.,  letter  from  the  Secretary  of  the  Interior  in 
refen.'Dce  to  the  improvements  at 

Howard,  Brig.  Gen.  O.  O,  annual  report  of  (vol.  1) 

Hudson  River,  letter  from  the  Secretary  of  the  Treasury  relative 
to  increase  of  estimate  for  lights  on i 

Hunt,  Maj.  Gen.  H.  J., •annual  report  of  (vol.  1) 

Huron,  United  States  steamer,  lindingof  court  on  loss  of  (vol.  1). 

I. 

Import  duties,  letter  from  the  Secretary  of  the  Treasury  relative 

to,  refunded 

letter  tiom  the  Secretary  of  the  Treasury  relative 
to  undervahiatiou  of  wool  and  woolen  yams  .. . 
report  of  Secretary  of  State  on  tariff  discrimina- 
tion against  foreign  works  of  art 

message  from  the  President  relative  to  underval- 
uation .'ind  other  irregular  practices  in  the  im- 
portation of  foreign  merchandise .. 

Indian  Affairs,  annual  report  of  the  Commissioner  of  (vol.  2).... 

letter  from  the  Commissioner  of,  relative  to  de- 
ficiency in  appropriation  for  Indian  Bureau 

IndiMi  Bureau,  letter  from  the  Secretary  of  the  Interior  relative 

to  deficiency  in  the  appropriation  for  the 

report  of  the  Secretary  of  the  Treasury  of  claims 
allowed  under  act  of  August  7,  18d2,  for  serv- 
ices and  supplies  to 

report  on  open  market  expenditures... 

estimate  of  appropriation  to  pay  claims  against, 

for  services  and  supplies 

Indian  Commissioners,  annual  report  of  Board  of  (vol.  2) 

Indian  Department,  tabular  statements  of  disbursements  made 

for  the  year  ending  June  30.  1^83,  for  the 
7  *dian  depredation  claims,  letter  from  the  Secretary  of  the  Inte- 
rior shttwing  character  and  amount 
of  all,  presented  since  datts  of  last 

report  D«ceraber  (>,  IBcftJ  ...    

abstract  showing  nature  and  amnnnt 
of  all  claims  r»' ported  from  Decem- 
ber 5,  188:^,  to  February  20,  1884  . 
report  of  the  Secretary  of  the  Interior 
on  list  of  claims  allowed 
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IKDSX   TO   BXBCX7TITE   DOCUMBNTS. 


IX 


Subject. 


Indian  reserrations,  letter  from  the  Secretary  of  the  Interior  rel- 
ative to  timber  depredatious  on 

Indian  schools,  report  of  the  superintendent  of  (vol.  2) 

Indians,  allotment  of  land  in  severalty,  letter  from  the  Secretary 
of  the  Interior,  relative  to  granting  to  Chippewa  In- 
dians   : 

Chippewa,  relative  to  allotment  of  land  in  severalty  to. . 
letter  from  the  Secretary  of  the  Interior  rel- 
ative to  damages  accruing  to  the 

Dock  Valley,  Neveda,  relative  to  payment  to  certain  set- 
tlers in  Nevada  for  occupancy  and  improvements  on 

lands  taken  for  nse  of  Shoshone  Indians  in 

Kickapoo,  letter  from  the  Secretary  of  the  Interior  rela- 
tive to  settlement  of  estates  of  deceased 

Lake  Traverse  Reservation,  relative  to  right  of  way  to 
Chicago,  Milwaukee  and  Saint  Paul  Railroad  through 

the 

Hille  Lac  Reservation,  report  of  the  Secretary  of  the  In- 
terior on 

Shoshone,  relative  to  lands  taken  in  Duck  River  Valley 

for  ui»e  of  the 

trespass,  relative  to,  on  lands  belonging  to  Indians 

Sionx  Reservation,  letter  from  the  Secretary  of  the  In- 
terior, relative  to  granting  right  of  way  to  Dakota 

Central  Railroad  through 

Interior  Department,  report  of  the  architects  on  the  reconstruc- 
tion of  the  Patent  OfSce  building  in  the 

(vol.2) 

statement  of  the  expenditures  of  the  con- 
tingent funds  of  the  several  Bureaus  of 

the ». 

Interior,  Secretary  of.    (See  Secretary  of  the  Interior.) 

Internal  Revenue,  annual  report  of  the  Commissioner  of 

Intrenal  Revenue  Office,  relative  to  an  appropriation  for  the  pay- 
ment of  certain  persons  employed  in  the.. 

Internal  revenue  taxes,  letter  from  the  Secretary  of  the  Interior 

relative  to  suspension  of  taxes  for  whisky 

International  time  standard,  message  of  the  President  relative 

to  international  convention  on 

Inspector-CJeneral,  annual  report  of  (vol.  1) 

Italy,  report  of  the  Secretary  of  State  relative  to  exemption  from 
sale  of  American  CoUege  in 

J. 

Jeannette,  steamer,  letter  of  the  Secretary  of  the  Navy  relative  to 

relief  of  survivors  of 

J ndge- Advocate-General,  annual  report  of  (vol.  1) 


K. 

Kentucky  River,  relative  to  an.  appropriation  for  locks  and  dams 

on 

Kickapoo  Indians.    (See  Indians.) 

L. 

Lady  Franklin  Bay  Expedition,  eommunications  fVom  the  Secre- 
tary of  War  and  the  Secretary  of  the  Navy,  relative  to  the  re- 

li«*f  of  Greely  and  party,  composing  what  in  known  as  the 

Lake  Traverse  Indian  Reservation.    (<See  Indians.) 
Land  grants.    See  under  head  of  respective  railroad  companies.) 
Lasker,  Edward,  documents  from  the  Secretary  of  State  on  reso- 
lution of  Honse  on  deal  h  of 

Light- House  Board,  letter  requesting  an  increased  estimate  for 
n^litson  the  Hudson  l^iver , 
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INDBX   TO   BXaCUTm  DOOUMHim. 


■»■*■ 


Subject. 


Pait. 


President  of  the  United  States: 
Transmits — 
Postmaster-Oeneral : 
Newcome,  L.  A.,  report  of  post-office  inspector  of  charge 

against 

Postal-cards,  estimates  for  supplying 

'  Post-Offlce  Department,  accoaut  of  expenditure  from  con- 
tingent fund  of  the,  for  year  ending  June  30, 1883 

Post-Offlce  Department,  report  made  by  special  agents  of, 

baying  reference  to  the  star-route  investigation 

Railway  Mail  Service,  report  of  committee  relative  to 
gauging  the  rates  of  pay  for  carrying  the  mails  on  rail- 
road routes 

Second  Assistant  Postmaster-General 

Star  route  cases,  report  of  special  agents  of  Post-Offlce  De- 
partment having  reference  to  the  investigation  of 

SuperintCDdent  of  the  Railway  Mail  Service 

Superintendent  of  the  Money  Order  System 

Superintendent  of  Foreign  Mails 

Third  Assistant  Postmaster-General  

Topographer  of  the  Post-Office  Department 

Postmasters,  list  of  claims  *'  for  loss  by  burglary,  fire,  or  other 

casualty"  allowed  prior  to  December  1,  iy83 

estimate  of  deficiency  appropriation  for  salaries  of. 
Post-Offlce  Department,  relative  to  the  distribution  of  circulars 

•   asking  for  contributions  for  political 

purposes  in  the 

account  of  expenditures  from  the  con- 
tingent fund  of  the,  for  year  ending 

June  30,  1883 

Precious  metals,  report  of  Director  of  the  Mint  on  the  production 

of,  forlf«3 

President  of  the  United  States,  communications  from,  annual 

message  and  accompanying 
documents,     first     session, 

Forty-eighth  Congress 

Cotton  Centennial  Exposition, 
preliminary  report  of  board 

of  managers  of  the , 

recommends  appropriation  for 

Government  exhibit  at 

Garfield,  James  A.,  relative  to 

statue  of 

Government  foundry,  report 
on  location  for  establish- 
ing a 

Navy,  relative  to  the  recon- 
struction of  the , 

Polar,  Melissa  G.,  returning 

bill  for  relief , 

Transmits,  by  message,  communications,  &c.,  from — 
8ecret/iry  of  the  Interior : 
Carson  and  Colorado  Railroad  Company,  relative  to  right 

of  way  through  Walker  River  Reservation  to 

Chippewa  Indians,  relative  to  aUotment  of  lands  in  sever- 
alty to  the  Lake  Superior 

Dakota  Central  Railway,  relative  to  right  of  way  through 

the  Sioux  Indian  Reser  vat  ion  to  the 

Duck  Valley,  Nevada*  relative  to  payments  of  certain  set- 
tlers in  Nevada,  for  improvements  on  lands  taken  for  use 

of  Shoshone  Indians  in 

Fort  Riley,  Kansas,  relative  to  the  reoonstruction  of  a 

bridge  over  Republican  River  at  or  near 

Indian  Bureau,  relative  to  deficiency  in  appropriation  for 
Kickapoo  Indians,  relative  to  settlement  of  estates  of  de- 
ceased  
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XVI 


INDEX   TO   EXECUTIVE   DOCUMENIS. 


Subject. 


Secretary  of  the  Interior: 

Letters  from,  relative  to— 
Dakota  Central  Railway,  relative  to  right  of  way  through 
Sioux  Reservation  to  the 


Duck  Valley,  Keviula,  relative  to  occupancy  for  use  of  the 
Shoshone  Indians,  and  payment  to  settlers  for  improve- 

mentH  on  lands  in .' , 

Fort  Riley,  Kansas,  relative  to  bridge  over  Republican 

River  at  or  near 

Freedmen's  Hospital  and  Asylnra,  suspending  certain  items 

on  account  of  disbursements  for 

Hot  Springs,  Ark.,  papers  touching  the  work  of  improving. 
Indian  Bureau,  relative  to  deficiency  in  appropriation  for.. 
Indian  depredation  claims,  abstract  showing  character  and 

amount  of,  since  date  of  last 

report,  December  6,  lb82 

abstract  showing  the  nature, 
character,  and  amount  of  aU, 
reporte<l  since  December  5, 
1883,  to  February  20,  1884.. .. 

list  ©f,  allowed. 

Indian  service,  statement  of  open  market  expenditures  for, 

up  to  and  including  January  31,  1884 

Indian  reservations,  relative  to  timber  depredations  on 

Kickapoo  Indians,  relative  to  settlement  of  estates  of  de- 
ceased  

Mille  Lac  Indian  Reservation,  report  on 

Northern  Pacific  Railroad,  relative  to  definite  location  of 

various  parts  of  the  line  of 

Patent  Office,  report  on  accommodations  for 

Pension  attorneys,  relative  to  irregular  practices  of 

Public  lauds,  list  of  suspended  entries  of  lands  under  the 

pre-emption  laws 

list  of  suspended  entries  of  lands  acted  on  by 

the  Board  of  Equitable  Adjudication 

report  relative  to  unlawful  fencing  of 

relative  to  entries  by  foreign  corporations  . . . 
Sioux  Reservation,  relative  to  right  of  way  to  Dakota  Cen- 
tral Railroad  through  the 

Telegraph  lines,  report  relative  to  lines  belonging  to  subsi- 
dized railroads 

Timber  depredations,  relative  to  same  on  Indian  reserva- 
tions   

relative  to  an  appropriation  to  suj)- 

ply  deficiency  for 

Trespass,  relative  to,  on  Indian  lands 

Union  Pacific  Railroad  Company,  report  of  Goverment  Di- 
rectors of  the 

Utah  Commission,  transmitting  report  of 

■  Walker  River  Reservation,  relative  to  right  of  way  to  Car- 
sou  and  Colorado  Railroad  Company  through  the 

Whitman,  Marcus,  relative  to  massacre  of 

Yellowstone  Park,  on  leases  in 

Secretary  of  the  Navy,  annual  report  of  (in  2  volumes),  embracing 
reports  from — 

The  Secretary  (vol.  I) 

Admiral  of  the  Navy  (vol.  1) 

Advisory  board  and  its  proceedings  (vol  1) 

Bureau  of  Construction  and  Repair  (vol,  1) 

Bureau  of  Medicine  and  Surgery  (vol.  2) 

Bureau  of  Equipment  and  Recrniting  (vol.  1) 

Bureau  of  Navigation  (vol.  1) 

Bureau  of  Ordnance  (vol.  1) 

Bureau  of  Provisions  and  Clothing  (vol.  1) 

Bmr«am  •f  St«am  Engineering  (vol.  1) 
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INDEX    TO   EXECUTIVE    DOCUMENTS.     . 


XVII 


Subject. 


Secretary  of  the  Navy,  aoDiial  report  of  (in  2  volumeB),  embrac- 
ing reports  from — 

Bureau  of  Yards  and  Docks  (vol.  1) 

Estimates  of  the  Secretaires  office  and  pay  of  the  Navy 

(vol.  1) -....I 

Marine  Corps  (vol.  1) 

Naval  Academy  (vol.  1) 

Letters  from,  relative  to — 
Contingent  fund,  statement  of  the  expenditures  of,  for  1883.. 
Contributions  for  political  purposes,  relative  to  the  distri- 
bution of  circulars  in  his  Department  asking  for 

Greeley  relief  expedition,  relative  to 

Jeannette,  on  relief  of  surviors  of 

Navy,  relative  to  the  employment  of   commissioned,  and. 

warrant  officers  of  the 

New  York  navy,  yard,  relative  to  dry-dock  at 

Public  printing,  relative  to  an  approdriation  to  supply  de- 
ficiency in 

Vessels,  on  disposition  of  unseaworthy 

Secretary  of  State : 

Annual  report  upon  Foreign  Kelations 

Letter  from,  relative  to^ 

American  College,  Italy,  on  threatened  confiscation  o^ 

American  and  Spanish  Commission,  estimate  for  paying 

umpires  of 

China,  on  rent  of  consular  premises  in 

Chronological  history,  relative  to  purchase  of  work  pie- 
pared  by  J.  H.  Haswell 

Colombia,  report  relative  to  imprisonment  of  American  citi- 
zens by  authorities  of 

Contingent  funds,  statement  of  disbursements  for  year  end- 
ing June  30,  1^83,  oftho  State  Department 

Contributions  for  political  purposes,  relative  to  the  distri- 
bution of  circulars'asking  for 

Consular  service,  report  relative  to  the  reorganization  of 

the 

Consular  and  diplomatic  appropriation  bill,  report  relative 

to 

Consular  fees,  tarift*  of 

Employes,  list  of,  in  Department  of  State 

French  and  American  Claims  Commission,  report  relative  to 

French  Claims  Commission,  report  on  awards  of 

Foot-and-mouth  disease,  measures  taken  by  Great  Britain 

for  prevention  of 

Foreign  intercourse,  relative  to  certain  desired  changes  in 

the  estimates  of  his  Department  relating  to 

Foreign   works  of  art,   report    on    tariff    discrimination 

against 

Great  Britain,  report  on  extradition  treaty  of  1882  with.. . 

Hale,  W.  J.,  papers  relative  to  claim  of 

International  time  standard,  appropriation  for  convention 

to  establish : 

Lasker,  Edward,  documents  relative  to  death  of 

Mexican  boundary,  report  on  relocating  monuments  on.... 
Mexican  claims,  papers  and  reports  relative  to  payment  of. 

Mexico  and  Guatemala,  on  boundary  between 

O^Donnell,  Patrick,  relative  to  trial  and  execution  of 

Oxenham,  E.  L.,  report  relative  to  presenting  testimonials 

to 

Siamese  embassy,  report  relative  to  visit  of 

Spain,  report  relative  to  payments  made  under  treaty  by  .. 
Swine  products,  relative  to  the  restrictions  upon  importa- 
tion into  Germany  and  France  of  Amer- 
ican   

report  of  the  commission  relative  to  the 
importation  of  American 
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INDEX   TO   EXECUTIVE   DOCUMENTS. 


Subject. 


Vol. 


Secretary  of  State — 

Letter  from,  relative  to — 

•    Umatilla  (steamer),  on  rewarding  the  rescuers  of  the  crew 

of 

Undervaluation,  documents  relative  to  irregular  practices 

in  importation  of  foreign  merchandise  and 

Venezuela,  relative  to  moneys  received  under  treaty  of 
1866  from 

Wagner,  Reinhardt,  papers  relating  to  reported  arrest  of. . 

Wakefield,  Va.,  relative  to  wharf  and  road  at 

Wheelock,  John  E.,  papers  in  relation  to  arrest  and  im- 
prisonment of 

Secretary  of  the  Treasury : 

Annual  report  on  the  finances,  embracing  reports  of— 

The  Secretary,  with  tables 

Annual  report  on  the  state  of  the  finances  for  the  year  1883. 

Commissioner  of  Internal  Revenue I 

Comptroller  of  the  Currency 

Letters  from,  relative  to — 
Appropriations,  estimates  required  for  the  year  ending  June 

30,  18c5 

estimates  for  deficiencies  in 

Attorneys,  statement  showing  gross  earnings  of  United 

States,  and  expenses  of  their  offices 

Cattle  disease,  transmitting  report  on 

Capitol,  transmitting  estimates  for  proposed  terrace  and 

approaches  for  United  States 

Claims,  list  of,  arising  under  act  of  July  4,  1864 

schedule  showing  list  allowed  under  exhausted  ap- 
propriations   

schedule  allowed  under  act  of  August  7,  1882,  for 
supplies,  &.C.,  furnished  on  account  of  Indian 

service '. 

rei)ort  of  claims  allowed  under  exhausted  appro- 
priations  

supplemental  list  of  certified 
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for  contingent  expenses  of  the 
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48th  Conobess,  »  HOUSE  OF  EBPEESENTATIVBS.    (  Ex.  Doo. 
l9t  Session.       f  (No.  37. 


REPORT  OF  THE  MISSISSIPPI  RIVER  COMMISSION. 


MESSAGE 

FBOM  TBS 

PRESIDENT  OF  THE  UNITED  STATES, 


TRANSMITTIKO 


A  communication  from  the  Secretary  of  War^  submitting  the  annual  report 
of  the  Mississippi  River  Commissicn  for  the  year  1883. 


January  9,  1884. — Referred  to  the  Committee  on  Rivers  aud  Harbors  and  ordered  to 

be  printed. 


To  the  Senate  and  House  of  Representatives: 

I  transmit  herewith  to  the  Hoase  of  Representatives  a  commanication 
ftom  the  Secretary  of  War  submitting  the  annual  report  of  the  Missis- 
sippi River  Commission. 

I  take  this  occasion  to  invite  the  early  attention  of  Congress  to  the 
oontinnation  of  the  work  on  the  Mississippi  River,  which  is  being  carried 
on  under  the  plans  of  the  Commission.  My  sense  of  the  importance  of 
the  improvement  of  this  river,  not  only  to  the  people  of  the  Northwest, 
bat  especially  to  the  inhabitants  of  the  Lower  Mississippi  Valley,  has 
already  been  expressed  in  a  special  communication  to  the  last  Congress. 
The  harvests  of  grain  and  cotton  produced  in  the  region  bordering  upon 
the  Mississippi  are  so  vast  as  to  be  of  national  importance,  and  the  pro- 
ject now  being  executed  for  their  cheap^  transportation  should  be  suffi- 
ciently provided  for. 

The  Commission  report  that  the  results  due  to  the  still  uncompleted 
works  have  been  remarkable,  and  give  the  highest  encouragement  for 
expecting  the  ultimate  success  of  the  improvement. 

The  act  of  August  2, 1882,  appropria|;ed  $4,123,000  for  the  work  on 
that  part  of  the  river  below  Cairo.  The  estimates  of  the  Commission 
already  transmitted  to  Congress  call  for  $3,000,000  for  the  continuation 
of  the  work  below  Cairo ;  and  it  appears  from  their  report  that  all  of 
the  last  appropriation  available  for  active  operations  has  been  exhausted, 
and  that  there  is  urgently  needed  an  immediate  appropriation  of 
$1,000,000  to'continue  the  work  without  loss  of  time,  in  view  of  the  ap- 
proach of  the  flood  season  with  its  attendant  dangers.  I  therefore  rec- 
ommend to  Congress  the  eavly  passage  of  a  separate  bill  on  this  subject. 

CHESTER  A.  ARTHUR. 

ExECUTrvB  Mansion,  January  8, 1884. 


2  report  of  the  mississippi  river  commission. 

War  Department, 

Wdihington  City^  January  7,  1884. 

Sir  :  I  have  the  honor  to  submit  herewith,  for  transmisnion  to  Oon- 
gress,  the  annual  report  of  the  Mississippi  Biver  Commission  for  the 
year  1883. 

Very  respectfully,  your  obedient  servant, 

ROBERT  T.  LINCOLN, 

Secretary  of  War, 
The  President. 


The  Mississippi  River  Commission, 

President's  Office, 
yew  York^  Deceinber  21,  1882[3]. 

Sir  :  The  Mississippi  River  Commission  have  the  honor  to  submit 
the  following  report,  embracing  the  subjects  and  subdivisions  specified 
below,  to  wit : 

1.  Progress  of  surveys  and  examinations  since  December  1,  1882. 

2.  Construction. 

3.  Remarks  on  the  subjects  of  levees  and  outlets. 

4.  Legislation. 

5.  Financial  statements  and  estimates  of  funds  for  the  fiscal  year  end- 
ing June  30, 1885,  for  "  Surveys  and  expenses  of  the  Commission  ^  and 
for  "  Improving  the  Mississippi  River.'' 

progress  of  surveys  and  examinations. 

The  surveys  and  examinations,  undertaken  in  pursuance  of  the  re- 
quirements of  .the  third  section  of  the  organic  act,  have  been  continued. 

From  December  1, 1882,  to  December  1, 18^3,  the  following  progress 
is  reported : 

Gauges. — Daily  readings  have  been  continued  at  the  stations  main- 
tained by  the  Commission,  and  two  new  gauges,  at  Oray's  Point,  Mo., 
and  Columbus,  Ky.,  have  been  established.  This  service  has  been 
greatly  improved  during  the  past  year,  and  its  value,  both  as  an  aid  to 
navigation  and  as  a  source  of  hydraulic  data,  greatly  enhanced.  A 
small  steamer  has  been  purchased  and  equipped  for  the  duty  of  main- 
taining these  gauges  in  correct  position,  and  insuring  accuracy  of  record 
and  display.  This  boat  is  constantly  passing  up  and  down  the  river 
in  the  performance  of  this  as  her  principal  duty.  She  visits  each  gauge 
at  least  once  a  month.  The  daily  readings  are  conspicuously  displayed 
on  bulletin  boards,  and  are  now  a  prominent  feature  of  the  records  kept 
by  pilots  for  their  mutual  information.  The  bulletins  are  frequently 
read  at  night  by  means  of  the  electric  light. 

Triangulation. — No  field  work  has  been  done  during  the  year.  The 
adjustment  and  reduction  of  previous  work  has  been  completed. 

Precise  levels. — The  line  has  been  continued  northward  along  the  river 
from  Clinton,  Iowa,  to  Savannah,  111.  (22  miles),  and  thence  to  Lake  Mich- 
igan at  Chicago  (148  miles).  The  reduction  of  the  part  from  Clinton  to 
Savannah  and  also  of  the  remainder  of  the  line  from  Grafton  to  Keo- 
kuk has  been  completed. 

The  record  of  the  tide-gauge  on  the  Gulf  of  Mexico  has  been  contin- 
ued. Owing  to  the  considerable  discrepancies  in  the  means  of  different 
lunations,  it  has  been  thouoht  unadviaable  to  terminate  the  series,  so 
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that  the  meau  Gulf  level,  upon  which  all  elevations  are  finally  to  depend, 
lemaiDs  undetermined. 

Final  topography  and  hydrography^  on  the  same  scale  as  mentioned  in 
last  report^  has  been  completed  from  10  miles  above  Yicksburg  to  Don- 
aldsonville,  a  distance  of  297  miles ;  from  Island  Ko.  1  to  Donaldson's 
Point,  60  miles ;  from  Garuthersville  to  Plum  Point, 58  miles;  fh)m  Ran- 
dolph Point  to  Memphis,  15  miles ;  and  from  Commerce  Cut-off  to  Trot- 
ter's Landing,  33  miles,  making  a  grand  total  of  463  miles  of  river  sur- 
veyed during  the  year. 

In  connection  with  this  branch  of  work,  occasion  was  taken  to  repeat, 
in  the  fall  of  1882,  the  cross-sections  near  the  principal  crevasses  of  the 
preceding  flood,  for  comparison  with  measurements  of  the  same  sections 
made  previous  to  the  flood. 

Detail  charts  (scale  of  loooo)  fa>"^  Arkansas  City  to  Greenville,  and 
from  Lake  Providence  to  Waterproof,  comprising  160  miles  of  river,  have 
been  plotted  and  drawn  in  the  office.  In  addition,  the  remaining  sheets 
to  Donaldsonville  are  partially  completed.  The  preparation  of  the  pre- 
Uminary  chart  (one  inch  to  a  mile)  has  been  continued,  five  sheets,  ex- 
tending to  Rodney,  Miss.,  having  been  drawn,  and  five  sheets,  extending 
to  the  foot  of  Island  97,  published. 

Transalluvial  levels, — The  system  of  lines  undertaken,  as  noted  in  the 
Report  of  the  Commission  for  1881,  p.  3,  to  obtain  information  as  to  the 
heights  of  the  alluvial  bottom  lauds  and  their  reservoir  capacity,  was 
completed  during  the  past  year. 

Other  work  in  the  same  direction,  consisting  of  160  miles  of  levels  in 
the  coQQtry  between  Lower  Bed  Biver  and  the  Atchafalaya,  has  been 
completed. 

(Nervations. — ^The  series  of  measurements  at  Paducah,  Columbus, 
Helena,  Hays'  Landing,  and  Bed  Biver  Landing,  which  closed  in  De- 
cember, 1882,  have  been  reduced.  The  measurements  of  escape  through 
crevasses  and  otherwise  were  repeated  for  the  flood  of  1883,  which  was, 
at  Cairo,  the  highest  on  record.  This  work  was  not  continued  below 
Vicksborg,  since  at  that  point  the  flood  was  several  feet  below  that  of 
1882,  and  was  no  longer  of  unusual  magnitude. 

Righ  water  marks  and  slope. — ^The  collection  of  reliable  high-water 
marks  of  1883,  and  previous  years,  has  been  continued.  The  profile  of 
the  water  surface  was  determined  for  the  low  water  of  October,  1883, 
from  Saint  Louis  to  New  Orleans. 

A  financial  statement  and  an  itemized  statement  o(  the  expenditure 
of  the  appropriation  in  act  of  August  2, 1882,  appear  below. 

The  following  papers  relating  to  the  work  of  surveys  and  examina- 
tions are  submitted  as  appendices  to  this  report : 

Appendix  A. — Annual  report  of  the  secretary  of  the  Commission  upon 
the  field  work  of  surveys  and  examinations. 

Appendix  B. — Beport  upon,  and  final  results  of,  secondary  triangula- 
tion  from  Cairo  to  Keokuk. 

Appendix  C. — Beport  upon,  and  results  of,  precise  leveling  from  Oar- 
roUton  to  Biloxi,  and  from  Cairo  to  Fulton. 

Appendix  D. — Beports  ui>on  field  work  of  topography  and  hydrog- 
raphy. 

Appendix  E. — Beport  upon  the  work  of  trans-alluvial  leveling,  with 
profiles  of  the  lines. 

Appendix  F. — Beports  upon  and  results,  of  observations  of  river  dis- 
charge at  various  points. 

Appendix  O. — Beport  upon  changes  of  the  Mississippi  Biver,  as  shown 
hj  comparison  of  the  earliest  and  latest  authentic  surveys. 
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CONSTRUCTION. 

At  the  date  of  the  last  auaaal  report  of  the  Commissiou,  December 
1,  1882,  work  had  been  fairly  inaugurated  on  the  Plum  Point  and  Lake 
Providence  Reaches,  and  also  in  the  vicinity  of  Memphis  and  Vicksburg, 
and  throughout  December  and  January  the  work  was  pushed  with  great 
vigor.  Unfortunately  the  extremely  cold  weather  interfered  seriously 
with  the  stone  supply  from  the  Ohio  and  Upper  Mississippi,  the  running 
ice  at  times  entirely  cutting  off'  access  to  the  quarries.  As  a  consequence 
of  this  there  was  a  large  accumulation  of  mattress  work,  both  for  bank 
revetment  and  for  pile-dike  foot  mats,  which  was  afloat  in  place,  but  un- 
sunk  for  lack  of  stone.  In  this  condition  of  aft'airs,  early  in  February 
the  river  began  to  rise  rapidly,  bringing  down  great  quantities  of  drift, 
while  the  heavy  running  ice  on  the  Mississippi  and  Ohio  still  prevented 
the  procuring  of  an  adequate  supply  of  stone.  Efforts  were  made  to 
use  sacks  of  sand  instead,  but  without  much  success,  and  at  both  Plum 
Point  and  Lake  Providence  a  considerable  amount  of  mattress  work 
was  lost.  At  the  former  place  the  uncompleted  pile  dikes  also  suffered 
considerable  damage  from  the  accumulation  of  drift  and  the  strong  cur- 
rent, due  to  the  rapid  rising  of  the  river.  This  rise  continued,  and 
finally  culminated  in  a  flood  nearly  as  great  as  that  of  188:i,  and  thence- 
forth a  very  high  stage  of  water  prevailed  continuously  until  about  the 
end  of  July.  During  this  period  work  was  continued,  though  under 
very  great  disadvantages,  and  was  of  necessity  mainly  confined  to  work 
on  the  dikes,  which  required  constant  watching  and  repairs  during  this 
long-continued  high  water. 

After  the  subsidence  of  the  flood  the  construction  of  mattresses  for 
bank  revetment  was  resumed,  but  the  season  proved  unusu  illy  sickly, 
and  labor  was  scarce  and  ineiiicient.  Nothing  of  consequence  was  ac- 
complished until  the  advent  of  the  cool  weather  in  the  fall,  since  which 
time  work  has  progressed  favorably  and  rapidly.  Every  endeavor  has 
been  made  to  place  the  work  in  as  safe  a  condition  as  possible,  but  it 
is  greatly  to  be  feared  that  this  can  only  be  partially  accomplished,  as 
the  funds  now  available,  the  balance  of  last  year's  appropriation,  will 
only  admit  of  carrying  on  sictive  operations  till  about  the  middle  of 
December,  after  which  time  all  work  must  cease  until  Congress  makes 
a  further  appropriation  for  its  prosecution.  The  Commission  feel  that 
they  cannot  too  strongly  urge  upon  Congress  the  necessities  of  the  case 
and  the  need  of^early  relief,  as  the  flood  season  with  all  its  attendant 
danger  is  close  at  hand,  and  the  Commission  before  that  time  will  have 
exhausted  all  its  available  funds,  only  reserving  such  amounts  as  are 
absolutely  needed  for  the  care  and  preservation  of  the  extensive  and 
costly  plant  belonging  to  the  works.  An  appropriation  of  $1,000,000 
made  immediately  could  be  advantageonsly  used. 

The  past  year,  with  its  many  vicissitudes,  has  been  fruitful  iu  valu- 
able experience,  experience  which  was  much  needed,  in  view  of  the  mag- 
nitude and  of  the  untried  difficulties  of  the  work. 

This  experience  has  shown  that  the  priuci])les  upon  which  the  Com- 
mission have  ba^ed  their  work  are  perfectly  sound,  and  in  this  respect 
no  modification  seems  necessary,  though  with  regard  to  details  of  con- 
struction some  changes  have  been  called  for. 

The  contraction  works,  consisting  essentially  of  dikes  of  piling,  sus- 
taining curtains  or  screens  of  brush,  proved  generally  too  weak  for  the 
work  imposed  upon  them.  The  great  depth  of  water  in  which  they 
must  be  maintained,  the  enormous  accumulations  of  floating  drift,  and 
the  long  duration  of  the  high- water  period,  are  the  main  points  in  which 
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our  experience  differs  from  auy  previously  noted  with  similar  stractures 
at  other  localities.    This  has  necessitated  much  more  substantial  work 
than  was  at  first  deemed  necessary,  with  a  proportionate  increase  of 
cost.     It  should,  however,  be  noted  with  regard  to  these  works,  upon 
which  the  main  damage  experienced  has  been  concentrated,  that  they 
are  not  necessarily  permanent  in  their  nature,  and  are  only  intended  to 
effect  certain  definite  results,  viz,  the  silting  up  of  certain  portions  of 
the  river-bed.     When  this  object  has  been  accomplished  their  work  is, 
as  a  nde,  ended,  and  their  maintenance  will  no  longer  be  required. 
Meanwhile,  from  their  position  and  the  style  of  their  construction,  more 
or  less  damage  at  each  recurring  flood  is  inevitable  and  must  be  ex- 
pected ;  but  such  damage  should  be  made  good  as  soon  as  possible, 
and  the  general  continuity  of  the  dikes  preserved,  in  order  to  obtain 
promptly  the  desired  results. 

The  revetment  work  undertaken,  wherever  completed,  has  proved 
entirely  successful,  and  but  slight  modification  in  the  general  style  and 
in  details  of  construction  has  been  found  necessary.  As  the  oflQcers  and 
men  gain  skill  and  confidence  in  this  work,  better  results,  both  as  re- 
gards rapidity  of  execution  and  economy  in  cost,  may  be  expected. 

Next  to  the  scarcity  of  labor,  the  greatest  difficulty  met  with  has  been 
the  insuring  of  an  ample  and  timely  supply  of  the  materials  used  in  con- 
struction, especially  brush  and  stone.  Already  the  local  supply  of 
hrosh  on  the  works  is  about  exhausted,  and  it  has  to  be  sought  either 
up  or  down  the  river  at  points  60  or  70  miles  distant  from  the  works. 
The  hulk  of  the  stone  needed  has  to  be  brought  from  above  Cairo,  as 
the  few  local  sources  of  supply  are  entirely  inadequate  to  the  demands 
of  the  work.  This  has  created  a  demand  for  transportation  which  has 
taxed  the  resources  of  the  Com  mission  to  the  very  utmost,  and  a  considera- 
ble increase  in  the  number  of  barges  and  tow-boats  at  their  disposal  must 
be  made  as  soon  as  funds  for  the  purpose  are  available.  In  other  re- 
spects the  plant  on  hand  seems  adequate  for  the  work  and  generally 
eflScient;  though  it  is  proper  to  state  here  that  the  plant  provided  for 
commencing  work  on  the  New  Madrid  Reach,  and  part  of  that  procured 
for  the  Memphis  Reach,  has  been  absorbed  by  the  works  at  Plum  Point 
and  Lake  Providence. 

With  regard  to  the  results  due  to  the  still  far  from  completed  works 
it  wouhl  seem  premature  to  speak;  nevertheless  these  results  have  been 
so  remarkable  that  they  cannot  be  ov^erlooked.  During  the  months  of 
September  and  October  the  river  below  Cairo  was  extremely  low  and 
navigiUion  was  carried  on  with  great  difficulty.  Between  Cairo  and 
the  Plum  Point  Reach  there  was  but  5J  feet  and  6  feet  of  water  at 
several  points;  between  that  reach  and  Memphis  and  as  far  down  as 
Commerce  Cut  off,  40  miles  below  Memphis,  6  feet  was  found.  From 
this  point  to  the  head  of  the  Lake  Providence  Reach  there  was  but  7 
feet  available,  and  between  the  Lake  Providence  Reach  and  Vicksburg 
hut  9  feet.     Below  Vicksburg  there  were  not  less  than  lOJ  feet. 

During  all  previous  low-water  seasons,  when  similar  "depths  have 
been  reported.  Plum  Point  and  Lake  Providence  Reaches  have  been 
fully  as  shoal  sis  any  points  on  the  river,  and  as  a  rule  shoaler  than  any- 
thing in  their  immediate  vicinity;  yet  during  the  present  season  there 
was  not  less  than  12  feet  depth  through  these  two  reaches,  and  at  Lake 
Providence,  during  the  lowest  water,  over  15  feet  was  reported.  Thus 
these  two  long  stretches  of  habitually  difficult  navigation  showed  this 
year  a  depth  twice  as  great  as  the  bars  above  and  below  them,  and  this 
result  can  only  be  attributed  to  the  works  executed  by  the  Commission. 
That  such  truly  remarkable  effects  should  have  been  produced  by  th^ 
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works  in  their  unfinished  condition  is  extremely  encouraging  as  regards 
the  ultimate  success  of  the  improvement. 

As  stated  in  their  last  report,  the  Commission  have  caused  surveys 
to  be  made  of  the  New  Madrid,  Memphis,  Helena,  and  Choctaw  Beaches, 
with  a  view  to  preparing  detailed  plans  for  their  improvement  when 
funds  for  the  purpose  become  available.  Allotments  were  made  for 
New  Madrid  and  Memphis  Beaches,  and  a  considerable  amount  of  plant 
procured  lor  beginning  work  thereon,  but  owing  to  the  non-passage  of 
the  river  and  harbor  bill  it  was  decided  to  be  inexpedient  to  undertake 
this  work  for  the  present,  and  such  portion  of  the  New  Madrid  allotment 
as  had  not  been  expended  for  plant  was  reallotted  to  Plum  Point  and 
Lake  Providence.  On  the  Memphis  Beach  work  outside  of  the  harbor 
proper  was  confined  to  the  revetment  of  Hopefield  Bend,  a  few  miles 
above  Memphis. 

The  surveys  ordered  at  the  mouth  of  Bed  Biver,  and  for  a  lock  at 
Bayou  Plaquemine,  have  not  yet  been  completed,  owing  to  the  extremely 
unhealthy  character  of  the  season,',which  has  rendered  it  almost  impos- 
sible to  keep  a  survey  party  in  the*  field.  For  the  same  reason  the  sur- 
vey ordered  at  Natchez  Harbor  has  not  yet  been  undertaken.  At  Mem- 
phis Harbor  the  work  in  progress  at  date  of  last  report  un^er  a  special 
allotment  by  the  Commission  has  been  completed,  aud  the  same  is  true 
of  the  revetment  at  Delta  Point,  Louisiana,  opposite  Vicksburg. 

The  allotment  for  dredging  in  Vicksburg  Harbor  was  partially  ex- 
pended in  that  manner,  though  the  work  is  now  suspended  for  reasons 
set  forth  further  on.  At  the  mouth  of  Bed  Biver  the  same  means  for 
maintaining  navigation  were  resorted  to  as  in  several  previous  years. 
They  were  attended  by  failure,  as  in  1881,  and  for  similar  reasons. 

At  New  Orleans  the  construction  of  a  mattress  revetment  in  Carroll- 
ton  Bend  has  been  begun  and  is  now  in  progress. 

On  all  the  portions  of  the  river  under  improvement  repeated  surveys 
have  been  made  to  note  any  changes  which  might  occui',  and  especially 
those  due  to  the  works  constructed.  At  New  Orleans,  in  addition,  a 
series  of  discharge  measurements,  covering  nearly  a  full  year,  have  been 
made. 

The  details  of  administration,  and  the  division  of  the  river  into  four 
working  districts,  have  remained  throughout  the  year  as  described  in  our 
last  annual  report. 

Full  details  as  to  expeuditnres  will  be  found  in  the  financial  state- 
ments appended  to  this  report. 

WORKS    BELOW    CAIRO. 

FIRST  DISTRICT. 

Cairo  to  foot  of  Island  No.  40,  220  miles  in  length.     Officer  in  charge,  Capt.  J.  G.  D. 

Knight,  Corps  of  Engineers,  U.  S.  A.) 

Headquartrub,  Caiko,  III. 

In  this  district  are  included  the  New  Madrid  and  Plum  Point  Reaches. 
The  former  extends  from  the  head  of  Island  No.  8,  42  miles  below  Cairo, 
to  the  foot  of  Island  No.  14,  a  distance  of  60  miles ;  aud  the  latter  from 
the  head  of  Island  No.  26,  147  miles  below  Cairo,  to  the  head  of  Island 
No.  35,  a  distance  of  40  miles. 

NKW   MADRID   REACH. 

A  low-water  survey  of  this  reach  was  ordered  in  August,  1882,  and 
was  carried  out  during  the  fall  and  earlj"  winter.    The  maps  of  thid  sur- 
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vey  have  been  completed,  but  no  project  for  work  has  as  yet  been  pre- 
pu^.  With  the  expectation  of  beginning  work  on  this  reach  the  Com- 
mission  aathorized  the  procuring  of  the  following  plant,  viz:  20  pile- 
drivers,  40  barges,  1  machine  shop,  6  quarter-boats,  4  200feet  mattress 
boats,  6  100-feet  mattress  boats,  6  screen  boats,  and  40  skiffs.  Of  this 
list,  the  pile-drivers,  barges,  and  machine  shop  have  been  built  and  as- 
signed to  other  works. 

On  December  19,  1882,  it  was  decided  to  suspend  such  portion  of  the 
allotment  as  was  not  needed  to  pay  for  plant  which  could  be  utilized 
elsewhere,  and  on  March  16,  1883,  $300,000  of  the  allotment  was  trans- 
ferred to  Flum  Point,  and  the  balince,  $187,500,  to  Lake  Providence. 

This  action  of  the  Commission  was  rendered  necessary  by  the  failure 
of  the  river  and  harbor  bill,  as  it  was  deemed  far  more  important  to  push 
the  works  already  begun  at  Plum  Point  and  Lake  Providence  as  far 
along  as  possible  than  to  attempt,  with  inadequate  means,  to  initiate 
the  improvement  of  another  reach.  Nevertheless,  in  the  interest  of  nav- 
igation, this  improvement  should  be  undertaken  at  as  early  a  date  as 
practicable,  as  the  bars  on  the  reach  were,  during  the  recent  low  water, 
the  shoalest  and  most  troublesome  on  the  river. 

PLUM  POINT  REACH. 

The  work  so  far  decided  on  for  this  reach  comprises  a  system  of  lon- 
gitudinal and  cross  dikes  designed  to  close  the  chutes  behind  Elmot 
Bar  and  island  No.  30,  a  similar  system  for  closing  the  chutes  behind 
Osceola  and  Bullerton  Tow-heads,  and  a  third  system  designed  to 
contract  the  water-way  between  Bullerton  Tow-head  and  Yankee  Bar, 
together  with  bank  revetment  on  the  left  bank  from  Ashport  to  Gold 
Dust,  on  the  right  bank  from  Fletcher's  to  Elmot's,  and  from  Petty's 
to  Craighead  Point,  and  along  the  outside  of  Osceola  and  Bullerton 
Tow-heads.  Of  this  work  at  the  date  of  the  last  report  there  had  been 
constructed  2,700  feet  of  revetment  near  Ashport,  and  the  head  of  Bul- 
lerton Tow-head  had  also  been  protected.  The  longitudinal  dike  of  the 
Elmot  or  Gold  Dust  system  had  been  built  in  part,  as  also  a  dike 
across  the  middle  chute  through  Osceola  Bar.  The  dike  across  the 
head  of  Osceola  Chute  was  completed,  and  the  one  connecting  Osceola 
and  Bullerton  Tow-heads  was  partly  built.  Subsequently  five  cross- 
dikes  were  commenced  in  Elmot  Chute,  and  partly  completed.  Mat- 
tresses were  constructed  along  the  outside  of  Bullerton  and  Osceola  Tow- 
heads,  and  wide  foot-mats  along  the  outside  of  the  various  dikes.  Nearly 
all  this  mettress  work  was  afloat  when  the  river  began  rising  in  February, 
1883,  owing  to  the  failure  in  the  stone  supply  before  alluded  to.  At- 
tempts were  made  to  sink  the  mattresses  with  bags  of  sand,  but  with- 
out success.  The  river  rose  very  rapidly,  and  brought  down  immense 
quantities  of  drift,  which  accumulated  under  and  against  the  floating 
mattresses,  and  finally  tore  them  from  their  fastenings.  In  this  manner 
a  large  amount  of  the  mettress  work  which  had  been  constructed  was 
lost,  and  all  attempts  to  renew  it  during  the  high  water  proved  ineffectual. 
In  similar  manner  the  drift  accumulated  against  the  pile  dikes.  The 
foot-mats  were  either  carried  away  or  doubled  up  and  destroyed,  and 
the  pressure  of  the  masses  of  drift,  aided  no  doubt  by  scour  around  the 
piles,  overturned  a  large  portion  of  the  dikes  which  hail  been  constructed. 
These  breaks  in  the  dikes  relieved  considerably  the  pressure  against  the 
remaining  portions,  and  the  greatest  damage  was  confined  to  the  first 
few  weeks  of  the  flood.  Subsequently  these  dikes  were  in  great  part 
reconstructed  in  a  much  more  substantial  manner.     Four  cross-dikes 
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were  ordered  in  Osceola  Chute,  of  which  three  have  been  constructed > 
and  two  in  Bullerton  Chute,  the  first  of  which  only  has  been  in  part 
constructed,  as  the  chute  has  been  the  channel  during  the  low-water 
season.  It  is  hoped  that  all  these  cross-dikes  can  be  finished  before  the 
close  of  active  operations. 

The  third  system  of  dikes  below  Plum  Point  has  been  begun,  and 
cross-dikes  Nos.  1  and  2,  with  part  of  the  main  dike,  have  been  built. 

In  all,  there  is  now  standing  on  this  reach  37,815  feet  of  pile  dike. 

The  revetment  of  the  outside  of  Bullerton  Tow-head  has  been  com- 
pleted during  the  present  season,  as  also  that  of  the  head  of  Lower 
Osceola  Tow-head.  The  revetment  of  the  outside  of  this  tow-head  could 
not  be  renewed  for  want  of  funds.  The  revetment  of  Ashport  has  not 
been  extended  for  the  satue  reason.  It  has  remained  intact  during  the 
year.  In  spite  of  the  damage  which  they  sustained,  the  dikes  did  good 
service,  and  a  general  and  extensive  fill  was  noticed  behind  them.  Had 
they  been  held  intact  their  effect  would  undoubtedly  have  been  much 
greater. 

The  crossing  from  Plum  Point  to  Bullerton  was  moved  down  stream 
a  considerable  distance,  but  the  failure  of  the  Bullerton  Dikes  enabled 
the  river  iit  low  water  to  cut  through  into  that  chute  and  maintain  a 
channel  there.  It  is,  however,  hoped  and  expected  that  the  next  high 
water  will  break  down  the  bar  outside  and  establish  a  channel  to  the 
left  of  the  tow  head,  where  it  is  desired  to  locate  it. 

The  effect  of  the  partial  concentration  of  the  water  on  those  portions 
of  the  reach  under  improvement  was  very  marked  during  the  late  low- 
water  season.  The  depth  of  water  was  not  less  than  12  feet,  double 
the  amount  found  on  the  unimproved  portions  of  the  river  above  and 
below.  , 

For  details  of  work  in  this  district  see  report  of  Capt.  J.  G.  D.  Knight, 
Corps  of  Engineers,  Appendix  J. 

SECOND  DISTRICT, 

(Foot  of  Island  No.  40  to  month  of  White  River,  180  miles  in  length.    Officer  in 

oharge,  Maj.  A.  M.  Miller,  Corps  of  Engineers,  U.S.A.) 

Hbadquartkrs,  Memphis,  Tenx. 

In  this  district  are  included  the  Memphis  and  Helena  Keaches,  the 
first  extending  from  the  foot  of  Island  No.  40,  220  miles  from  Cairo,  to 
Scanlan^s  Landing,  a  distance  of  27  miles,  and  the  second  extending  from 
Commerce  Cut-off,  270  miles  from  Cairo,  to  Friai^'s  Point,  a  distance  of 
6d  miles. 

The  first  reach  includes  Memphis  Harbor. 

MEMPHIS  HARBOR. 

This  work,  which  has  been  in  progress  several  years  under  the  Engi- 
neer Department,  United  States  Army,  was  carried  on  last  year  under 
the  sui)ervision  of  the  Commission  and  by  spe<jial  allotment  from  the 
general  appropriation. 

The  protection  of  the  caving  bank  by  mattress  revetment  from  the 
freight  elevator  to  Wolf  River  was  completed  in  February,  1883.  In 
all,  since  our  last  report,  5  mattresses  covering  300  linear  feet  of  bank 
have  been  constructed  and  sunk,  and  the  upper  bank  has  been  graded 
and  covered  with  stone  throughout  the  whole  distance,  with  the  excep- 
tion of  two  gaps,  aggregating  450  feet.    This  revetment  passed  through 


REPORT   OF   THE    MISSISSIPPI   RIVER   COMMISSION-  9 

the  ^preat  flood  of  1883  without  any  damage  and  is  reported  in  perfect 
order. 

MEMPHIS   UEACH. 

A-low-wat^r  survey  of  this  reach  has  been  completed,  but  no  project 
for  its  improvement  has  as  yet  been  prepared. 

It  had  been  the  intention  of  the  Commission  to  begin  work  on  this 
reach,  and  a  considerable  amount  of  plant  was  ordered  for  the  purpose ; 
bat  owing  to  the  failure  of  tbe  appropriation,  work  was  contined  during 
the  year  to  the  construction  of  a  mattress  revetment  in  Hopefleld  Bend, 
where  the  right  bank  was  rapidl}^  caving  and  threatening  the  harbor  of 
Memphis.  This  work  was  begun  in  December,  1882,  and  carried  on  till 
February,  1883,  when  it  was  stopped  by  the  rapidly  rising  river,  1,127 
feet  of  mattress  revetment  having  been  to  that  time  constructed  and 
sank.  Work  could  not  bo  resumed  till  August,  1883,  and  is  still  in  pro- 
gress. To  date  14,485  feet  of  bank  have  been  protecied,  the  under- water 
mattress  being  140  feet  wide.  That  portion  which  was  first  put  in  has 
stood  perfectly  well,  although  the  water  was  five  feet  deep  on  top  of  the 
bank  during  the  flood  of  188;^.  It  will  be  necessary  to  carry  this  revet- 
ment down  to  Hopefield  Point,  and  also  to  revet  about  ^  mile  of  the  left 
bank  below  the  mouth  of  Frame  Chute. 

HELENA   REACH. 

A  low-water  survey  of  this  reach  has  been  made,  but  no  project  for 
its  improvement  has  as  yet  been  prepared. 

For  details  of  work  in  this  district  see  report  of  Maj.  A.  M.  Miller, 
United  States  Engineers,  Appendix  K. 

THIRD  DISTRICT. 

(Mouth  of  White  River  to  WarreDton,  Miss.,  220  miles  in  length.     Officer  in  charge, 

Capt.  W.  L.  MarHhall,  Corps  of  Engineers,  U.  S.  A.) 

Headquarters,  Vicksburo,  Miss. 

In  this  district  are  included  the  Choctaw  Beach,  extending  from 
Cork's  Point,  Arkansas,  422  miles  below  Cairo,  to  Arkansas  City,  a  dis- 
tance of  31  miles;  the  Lake  Providence  Reach,  extending  from  Carolina 
Landing,  Mississippi,  530  miles  below  Cairo,  to  the  foot  of  Island  No.  95, 
a  distance  of  35  miles;  and  also  the  improvement  of  Vicksburg  Harbor. 

CHOCTAW  RBACH. 

A  low-water  survey  of  this  reach  has  been  made,  but  no  project  for 
its  improvement  has  as  yet  been  prepared. 

LAKE   PROVIDENCE   REACH. 

At  date  of  last  report  work  on  this  reach  was  going  on  actively,  and 
considerable  progress  had  been  made  on  the  pile  dikes  closing  the  chutes 
behind  Skipwith's  and  Duncansby  Tow  heads.  Island  No.  93,  Bale- 
shed  Bar,  and  Stack  Island ;  and  revetment  was  in  progress  along  the 
face  of  Island  No.  93.  During  the  past  season  this  work  has  been  con- 
tinned,  the  revetment  of  Louisiana  Bend  has  been  begun,  as  also  the 
dikes  closing  Hopewell  or  Elton  Chute. 

In  Louisiana  Bend  the  work  of  revetting  the  bank  has  been  com- 
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menced  and  to  date  about  half  a  mile  has  been  completed.  This  Is  a 
work  offering  peculiar  difficulties,  the  water  being  over  100  feet  deep  at 
low  water,  while  at  high  stages  work  is  impossible,  owing  to  the  great 
depth  of  water  and  the  extremely  rapid  current.  This  very  important 
work  was  much  delayed  by  the  difficulty  in  procuring  labor  and  must 
soon  be  stopped  for  lack  of  funds.  The  work  completed  will  be  in  a 
very  precarious  condition  during  the  next  high  water,  as  the  caving 
during  the  last  two  years  has  aggregated  1,5U0  feet  in  width.  The  hold- 
ing of  this  shore  line  is  absolutely  essential  on  account  of  its  influence 
on  the  direction  of  the  river  below.  The  caving  which  took  place  last 
year  caused  considerable  damage  to  the  Duncansby  system  of  dikes,  as 
will  be  described  farther  on. 

The  Duncansby  system  of  dikes  is  intended  to  exclude  the  river  from 
the  left-hand  chute  in  front  of  Duncansby  and  Skipwith's  Landings. 
The  first  series  built  comprised  five  cross-dikes,  and  a  longitudinal 
dike  extending  to  the  lower  tow-head  in  front  of  Skipwith's  Landing 
The  longitudinal  was  a  high  dike ;  the  cross-dikes  were  only  carried  to 
the  17-foot  stage.  The  channel,  when  the  work  began,  led  into  Skip- 
with's ChutCj  passing  between  the  two  tow-heads.  This  channel  has 
been  completely  silted  up,  and  the  greater  portion  of  the  entire  chute 
is  dry  at  low  water,  but  the  caving  in  Louisiana  Bend,  above  Pilch- 
er's  Point,  during  the  last  high  water,  threw  the  channel  across  the 
river,  striking  high  up  on  the  Mississippi  shore,  and  the  works  at  the 
head  of  the  chute  were  severely  attacked,  and  suffered  considerable 
damage.  As  it  was  deemed  desirable  to  hold  this  lind  as  long  as  pos- 
sible, in  order  to  allow  time  for  the  chute  to  fill  up  and  for  the  new  chan- 
nel to  develop  itself  to  the  right  of  the  tow-heads,  three  additional  cross- 
dikes  were  built  in  the  chute,  and  a  screened  dike  above  the  head  of  the 
upper  tow-head.  Later  on  the  head  of  the  tow-head  was  revetted,  but 
the  water  went  entirely  over  it  and  cut  a  channel  through  behind  the 
revetment.  A  heavy  dike  was  also  begun  on  range  No.  36,  and  all  the 
upper  dikes  of  the  system  are  being  strengthened,  so  as,  if  possible,  to 
keep  the  river  out  of  the  left-hand  chute  during  the  coming  high  water. 

The  Meyersville,  or  Island  No.  93  system,  includes  a  main  dike  and 
three  cross-dikes  on  Cottonwood  Bar,  which  are  not  yet  built,  a  dike 
across  the  head  of  Island  No.  93,  built  last  year  to  the  17-foot  stage,  and 
a  high  cross-dike,  to  30-foot  st^ige,  built  across  the  chute  at  Meyersville 
Landing.  These  dikes  have  proved  quite  effective  and  the  chute  now 
goes  dry  at  low  water. 

Previous  to  the  rise  in  February,  1883,  1^  miles  of  low- water  revet- 
ment had  been  constructed  on  the  outside  of  Island  No.  93,  and  the  up- 
per bank  protection  had  been  completed  for  1,700  feet  at  the  upper  end: 
of  this,  the  last  225  feet  had  not  been  properly  ballasted  for  lack  or 
stone  and  was  carried  away.  All  the  revetment  below  this  point  was 
also  lost  for  lack  of  protection  of  the  upper  bank.  This  work  had  there- 
fore to  be  renewed  this  season  and  is  now  in  progress. 

At  the  foot  of  Island  No.  93  begins  the  Baleshed  system  of  dikes.  It 
comprises  a  longitudinal  dike  extending  from  the  Mississippi  shore  at 
Homochitto  Lauding  to  the  head  of  Stack  Island.  Behind  this  longi- 
tudinal are  twelve  cross-dikes.  Part  of  the  longitudinal  and  four  of  the 
cross-dikes  were  built  last  year,  but  only  to  the  17-foot  stage.  Subsequent 
to  February,  1883,  and  during  the  high  water,  work  was  carried^ on;  all 
the  cross-dikes  were  raised  and  strengthened,  and  eight  others  were 
built.  All  the  new  dikes  extend  to  above  the  25-foot  stage,  they  are 
built  with  from  3  to  5  rows  of  piles  and  are  wattled  to  a  height  of  6  feet 
above  the  present  bar  surface.    Six  of  the  cross-dikes  are  complete  from 
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the  shore  to  the  longitadinal,  the  six  others  have  uot  yet  been  carried 
across  the  deep  water.  All  the  cross-dikes  have  foot  mats,  and  the 
longitudinal  has  outside  of  it  a  100-foot  mat  and  a  grillage  mat  and  wat- 
tling wherever  cross  channels  have  been  developed.  The  effect  of  these 
dikes  has  been  very  marked,  a  great  fill  having  been  secnred  behind 
them,  with  a  corresponding  deepening  in  the  channel  outside.  In  this 
system  28,000  feet  of  dike  have  been  built  during  the  year. 

Much  trouble  was  experienced  at  Stack  Island  where  the  river  had 
established  itself  in  the  left-hand  chute.  This  chute  was  over  80  feet 
deep  at  low  water,  and  the  Elton  or  Hopewell  Chute  on  the  other  side 
of  the  river  was  over  30  feet  deep.  The  new  channel,  as  projected, 
crossed  directly  over  Hopewell  Bar.  An  open  pile  dike  was  built 
above  the  head  of  Stack  Island  to  check  the  flow  into  that  chute,  and  six 
short  spurs  from  the  right  bank  were  thrown  aeross  the  Elton  or  Hope- 
well Chute.  When  these  works  were  completed  the  river  broke  through 
on  the  line  desired,  removing  immense  masses  of  sand  and  establish- 
ing itself  in  the  position  desired.  These  works  must,  however,  doubt- 
less be  extended  in  order  to  keep  it  there. 

The  general  result  of  the  works  has  been  a  very  marked  increase  of 
depth  at  low  water.  During  the  past  season  there  was  not  less  than 
12  feet,  and  at  the  lowest  water  where  the  channel  had  cut  out  there 
was  over  15  feet. 

The  systems  of  construction  described  last  year  have  not  been  ma- 
terially altered  except  in  the  direction  of  giving  greater  strength  to 
the  dikes,  which,  as  now  made,  are  much  stronger,  having  from  3  to  5 
rows  of  piles,  and  being  all  provided  with  foot  mats.  In  3-row  dikes 
the  middle  row  is  wattled,  in  5-row  dykes  the  wattling  is  on  the  2d  and 
4th  rows.  Wattling  has  replaced  the  curtains  or  inclined  mats  used 
last  year,  being  found  cheaper  and  more  efficient. 

In  revetment  work  the  hui'dle  mattresses  described  in  our  last  report 
are  still  used,  the  only  modification  being  the  introduction  alongside 
the  poles  of  jointed  iron  rods  of  f  or  |  inch  iron  for  the  purpose  of  in- 
creasing the  longitudinal  strength. 

VICK8B(JRG  HARBOR. 

Prior  to  August,  1882,  work  at  this  locality  had  been  for  several  years 
in  progress  under  the  Engineer  Department,  United  States  Army.  Since 
that  time  it  has  been  carried  on  under  the  supervision  of  the  Commission, 
and  has  received  an  allotment  from  the  general  appropriation.  Previous 
to  this  past  season,  work  had  been  confined  to  the  revetment  of  Delta 
Point,  opposite  Vicksburg,  and  the  continuation  of  this  work  was  in 
progress  at  the  date  of  our  last  report.  At  that  time  1,100  feet  of  the 
new  work  had  been  completed.  Subsequently  the  work  was  continued 
with  but  slight  modifications  till  February  10,  when  the  allotment  whs 
exhausted.  In  all,  4,000  linear  feet  of  substantial  revetment  was  con- 
structed, leaving  about  500  feet  to  be  built  this  winter.  The  cost  of 
this  revetment,  which  it  is  believed  will  be  rarely,  if  ever,  exceeded,  was 
$13.37  per  linear  foot.  It  passed  through  the  last  flood  without  any  dam- 
age, and  seems  to  be  in  every  respect  satisfactory. '  The  plan  of  improve- 
ment proposed  for  the  harbor  proper  of  Vicksburg  contemplated  the  ex- 
cavation of  a  basin  in  front  of  the  town,  connected  by  a  canal  with  the 
deep  water  in  the  river.  For  this  season  it  was  proposed  to  excavate  a 
basin  300  feet  wide  and  1,700  feet  long  in  front  of  the  elevator,  and  to  con- 
nect it  with  deep  water  in  the  lake  by  a  canal  150  feet  wide,  the  west  en- 
trance to  the  lake  being  also  kept  open.    All  dredging  was  to  be  to  the 
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zero  of  the  Vicksburg  gauge.  The  contract  for  this  dredging  was  let  at 
12.1  cents  per  cubic  yard  and,  after  many  delays,  work  was  finally  begun 
on  April  5,  and  continued  till  September  il,  when  the  Commission  decidexi 
to  stop  it.  During  this  time,  350,035  cubic  yards  of  mud  were  removed. 
The  basin  for  a  width  of  160  feet  was  dredged  to  the  zero  of  the  gauge, 
and  for  a  further  width  of  160  feet  to  the  reference  +  5  feet.  The  canal 
was  excavated  for  a  width  of  80  feet  to  the  zero  plane,  and  an  attempt 
was  made  to  dredge  the  west  en  trance  to  the  lake,  which,  since  the  pro- 
ject had  been  approved,  had  filled  up  to  the  extent  of  17  feet.  The  ma- 
terial was  hard  sand  and  the  dredging  was  so  difiicult  that  it  was  or- 
dered to  be  abandoned  on  August  22.  As  the  river  fell,  the  sides  of 
the  dredged  basin  slid  in  and  the  bottom  was  pushed  up  by  the  weight 
of  the  soft  mud  lying  beyon^l  the  dredged  area.  This  upheaval  amounted 
to  about  8  feet  in  depth,  and  the  basin  was  reexoavate<l  for  a  width  of 
80  feet  to  the  zero  plane.  Meanwhile,  the  continued  fall  of  the  river 
surface  gave  a  considerable  head  to  the  water  impounded  in  the  lake, 
and  it  finally  cut  through  the  sandbar  at  the  west  entrance,  so  that 
now  boats  drawing  5  feet  are  able  to  enter  at  a  12  foot  stage,  whereas 
before,  at  the  20foot  stage,  all  boats  were  excluded. 

This  effect,  while  very  fortunate  for  the  town,  is  in  nowise  perma- 
nent, as  this  cut  will^^ertainly  fill  up  at  the  next  high  water,  and  may 
not  cut  out  again  so  readily.  A  survey  was  made  at  low  water,  which 
showed  that  since  May,  or  while  the  river  was  declining,  a  fill  had  taken 
place  over  the  area  covered  by  the  proposed  canal  and  basin  amounting 
to  from  5  to  20  feet  in  depth.  Prior  to  May  the  fill  had  only  been  about 
one  foot.  On  the  line  of  the  proposed  canal  alone  the  removal  of 
1,255,486  cubic  yards  more  than  originally  estimated  has  already  be- 
come necessary.  It  is  needless  to  say  that  the  Commission,  in  approving 
this  plan,  had  not  anticipated  such  a  state  of  affairs  as  this.  Kepeated 
surveys,  extending  over  the  whole  period  since  the  formation  of  the  cut- 
oft',  had  shown  that  the  fill,  gradually  diminishing  in  its  yearly  incre- 
ment, had  finally  practically  ceased  as  far  as  the  inner  harbor  was  con- 
cerned, and  only  on  this  condition  could  the  plan  have  been  recom- 
mended. When  confronted  by  such  an  enormous  fill,  taking  place,  more- 
over, on  the  falling  stage  of  the  river,  and  requiring  in  consequence  to 
be  removed  during  the  low- water  stage,  it  became  obviously  necessary  to 
call  a  halt  until  the  matter  could  be  further  investigated.  Such  an  an- 
nual fill  as  this  will  require  $200,000  for  its  removal,  and  as  it  must  be 
done  during  the  low- water  period,  it  would  require  a  large  fleet  of  dredges 
to  accomplish  it.  8ome  changes  have  recently  taken  place  at  Young's 
Point,  and  above  Delta,  which  have  tended  to  throw  the  river  nearer  to 
Vicksburg.  The  eddy  current  up  the  east  arm  of  the  lake  was  ob- 
served to  be  greatly  increased  after  June  1,  and  undoubtedly  caused  the 
great  deposit.  It  is  quite  possible  that  this  iiicreased  flow  was  due  to 
the  changes  alluded  to.  If  this,  however,  be  the  ca«e,  these  changes 
may  progress  still  further,  and  the  annual  fill  may  become  even  greater; 
in  any  case  it  would  be  extremely  unwise  to  attempt  any  further  prose- 
cution of  the  plan  for  the  present.  The  diversion  of  the  Yazoo  into  the 
lake  has  been  proposed  with  a  view  to  keeping  it  open ;  but  this  is  esti- 
mated to  cost  $1,600,000,  and  the  excavation  of  the  canal  $766,000.  The 
removal  of  the  annual  deposit  will  cost  $200,000,  or  say  $2,600,000  for 
the  whole  project,  with  no  certainty  as  to  the  results.  The  annual  com- 
merce of  Vicksburg  is  10^  millions  of  dollars. 

The  following  projects  have  been  proposed : 

1st.  To  abandon  the  lake  and  establish  the  town  landing  at  Kleins- 
ton,  holding  Delta  Point  securely  by  extending  the  revetment.  This 
latter  must  be  done  in  any  case. 
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2d.  To  dredge  the  west  entrance  annually,  and  to  keep  the  basin  clear. 
This  would  be  temporary,  and  would  cost  at  least  $30,000  per  annum 
after  the  first  year. 

3d.  To  divert  the  Yazoo  into  the  west  arm  of  the  lake,  dredging  out 
the  basin  and  connecting  canal.  This  would  cost  $1,850,000,  with  an- 
nual dredging  to  an  uncertain  amount. 

4th.  To  divert  the  Yazoo  into  the  east  arm  of  the  lake  and  along  the 
city  front,  dredging  out  the  basin  and  canal  to  the  river.  This  would 
cost  $2,600,000  and  would  require  annual  dredging  in  the  canal. 

The  first  project  involves  the  abandonment  of  the  old  harbor  of  Vicks- 
burg,  and  is,  naturally,  extremely  distasteful  to  the  citizens  of  that 
place ;  the  last  two  projects  are  expensive  and  by  no  means  certain ; 
while  the  second  can  at  best  be  but  temporary  in  its  efiects. 

In  the  opinion  of  the  Commission,  further  study  of  the  whole  subject 
is  reqnirecl  before  any  final  recommendation  can  be  made ;  neverthe- 
less, with  a  view  to  affording  relief  to  the  harbor  during  such  time  as 
will  necessarily  be  required  for  this  study,  the  Commission  recommend 
that  during  the  coming  season  an  attempt  be  made  to  carry  out  the 
second  project  above  described,  should  the  conditions  be  found  to  be 
favorable. 

For  details  of  work  in  third  district  see  report  of  Capt.  W.  L.  Mar- 
shall, United  States  Engineers,  Appendix  L. 

FOURTH  DISTRICT, 

(Warrenton, Miss.,  to  Head  of  Passes,  484  miles  in  length.    Officer  in  charge,  Mig. 

Amos  Stiokney,  Corps  of  Engineers,  U.  S.  A.) 

HSADgUARTKIB  Nrw  Oblrans,  La. 

* 

This  district  embraces  the  improvement  of  Natchez  Harbor,  the  recti- 
fication of  Red  and  Atchafalaya  rivers,  a  lock  at  Bayou  Plaqnemine, 
and  the  improvement  of  New  Orleans  Harbor. 

NATCHEZ  HARBOK. 

A  survey  with  a  view  to  improvement  was  ordered  at  this  place,  but 
owing  to  the  sickly  season  it  has  been  found  impossible  as  yet  to  make 
it.  The  caving  of  the  bank  in  Giles'  Bend  has  not  been  very  great,  but 
that  in  Marengo  Bend  has  been  more  severe.  The  work  required  is 
bank  revetment,  and  can  be  estimated  on  this  winter. 

RED  AND  ATCHAFALAYA  RIVERS. 

Daring  the  past  low  water,  it  again  became  necessary  to  send  dredge 
boats  to  Old  Biver  to  attempt  to  keep  open  navigation  into  the  Bed 
Biver.  Although  they  reached  the  scene  of  operations  while  there  was 
still  a  through  channel  depth  of  not  less  than  5  feet,  the  effort  failed 
Qtterly,  and,  for  a  period  of  three  or  four  weeks,  navigation  was  entirely 
saspended.  In  fact,  for  a  part  of  this  time,  the  water-way  entirely  dis- 
appearetl. 

The  experience  of  this  year  leaves  no  doubt  of«  the  absolute  uncer- 
tainty of  any  such  method  of  preserving  navigation,  during  low  water, 
into  Bcwi  Biver.  While  in  many  years  it  may  succeed,  it  is  utterly  inef- 
ficient in  the  fac«  of  the  unfavorable  conditions  that  may  recur  any  sea- 
son. The  dredging  fleet  cannot  operate  until  the  water  has  fallen  to  a 
certain  stage.  After  this  stage  is  reached,  it  is  entirely  probable  that 
the  fall  may  continue  so  rapidly  as  to  develop  the  bars  much  faster  than 
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the  dredges  cau  remove  them.  The  difficulty  of  maintaining  a  channel 
upwards  of  four  miles  long,  of  navigable  depth  and  width,  in  a  sedi- 
mentary river,  falling  several  inches  a  day,  with  a  current  unable  to 
scour  from  its  own  debility,  and  the  unctuous  and  adhesive  quality  of 
the  bed  material,  would  seem  to  be  sufficient.  But  it  is  much  increased 
in  unfavorable  years  by  the  falling  of  the  water  more  rapidly  than  the 
banks  can  dry  out  and  solidify,  or  than  the  overflow  ponds  a  short  dis- 
tance back  can  drain.  On  such  occasions  the  semi-fluid  banks  slough 
down  in  immense  masses,  at  times  entirely  choking  the  water-way. 

These  difficulties  may  recur  any  year,  and  render  uncertain  any  at- 
tempt to  keep  open  Ked  Biver  navigation  by  such  methods,  during  low 
water. 

Still,  as  no  better  temporary  method  is  known,  and  as  this  method 
has  succeeded  in  a  majority  of  the  years  in  which  it  has  been  tried,  and 
as  the  commercial  benefits  of  maintaining  water  communication  with  a 
large  producing  region  during  the  months  when  it  is  most  needed  for 
shipments  are  very  great,  exjceeding  the  cost  of  dredging  operations,  it 
is  recommended  that,  until  permanent  improvement  of  this  navigation  be 
accomplished,  sufficient  appropriation  (as  provided  for  in  the  accom- 
panying estimates)  be  made  to  renew  the^  work  of  dredging  at  this  point 
when  it  may  again  become  necessary. 

Surveys  and  examinations  at  this  locality  have  been  prosecuted  under 
almost  equal  difficulties.  Immediately  on  the  subsidence  of  the  last 
flood  parties  were  put  into  the  field  to  secure  information  necessary  for 
the  preparation  of  a  plan  for  the  permanent  improvement  of  the  junc- 
tion of  these  three  rivers :  but,  owing  to  the  natural  difficulties  of  the 
ground  and  the  unhealthiulness  of  this  region,  their  labors  are  still  in- 
complete. 

Fullt^r  details  and  discussions  of  these  topics  will  be  found  in  the  re- 
port of  Maj.  A.  Stickney,  United  States  Engineers,  district  officer,  sub- 
mitted as  Appendix  M. 

The  following  brief  description  of  the  existing  regimen,  and  of  the 
conditions  which  must  be  harmonized  in  any  permanent  plan  of  improve- 
ment, as  observed  during  the  past  two  floods,  is  submitted.  The  sec- 
tional area  of  Lower  Old  Biver  has  contracted  considerably,  while  the 
enlargement  of  the  Atchafalaya  has  continued.  These  changes  are 
clearly  the  effect  of  the  floods. 

The  fill  in  Old  River  is  the  result  of  the  absence  of  current  during  the 
equilibrium  held  between  that  portion  of  the  flood  coming  down  the 
Mississippi  and  the  overflow  through  the  Tensas  Basin,  re-enforced  by 
Bed  Biver.  The  scour  in  the  Atchafalaya,  considered  in  connection 
with  the  fill  in  Old  Biver,  proves  that  the  volume  causing  it  is  not 
drawn  directly  from  the  Mississippi,  but  rather  from  the  overflow  in  the 
Tensas  Basin.  The  shape  of  the  sand  reefs  left  by  the  flood  current 
substantiates  this.  A  dam  across  Lower  Old  Biver,  therefore,  would  not 
change  the  existing  tendencies  of  the  floods.  The  equilibrium  of  the 
accumulated  mass  of  flood  water  in  this  region  is  first  disturbed  by  a 
decline  in  the  Mississippi,  which  starts  the  current  in  that  direction. 
But  so  immense  is  this  volume  of  overflow  that  the  fall  is  checked  by  it 
when  near  a  bank  full  stage.  In  1882  it  lingered  fifty -one  days  between 
the  42  and  41  foot  marks  on  the  gauge  at  Bed  Biver  Landing.  When 
once  within  the  banks,  the  decline  is  more  rapid.  The  fall  of  the  Atcha- 
falaya is  still  slower  than  that  of  the  Mississippi,  as  in  addition  to  its 
share  of  the  Tensas  it  has  to  collect  and  carry  oil'  its  own  overflow, 
which  spreads  from  the  Mississippi  to  the  T6che. 

The  flow  through  Old  Biver  towards  the  Atchafalaya  usually  sets  in 
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after  mid-stage  on  the  decline  is  reached,  and  becomes  more  fixed  as  the 
water  continues  to  fall.  These  obsen^ation^  are  general,  and  a  local  rise 
in  either  the  Mississippi  or  Red  River  may  disturb  or  reverse  the  move- 
ment. A  flow  through  the  Old  River  to  the  Mississippi  is,  under  pres- 
ent conditions,  advantageous  to  the  navigation  of  the  former  stream,  as 
it  has  greater  velocity  and  less  sediment  than  a  current  in  the  opposite 
direction. 

The  exclusion  of  the  overflow  from  the  Tensas  Basin,  by  the  comple- 
tion of  its  levee  system  to  Blackhawk,  would  prevent  the  equilibrium 
between  the  Mississippi  and  overflow  waters  in  and  about  Old  River 
and  tiie  head  of  the  Atchafalaya,  which  is  noticed  in  floods,  and  would 
tend  to  increase,  both  in  duration  and  amount,  the  flow  from  the  Mis- 
sissippi down  the  Atchafalaya  by  way  of  Lower  Old  River.  This  change 
would  probably  not  only  prevent  the  further  filling  of  Lower  Old  River, 
bat  would  enlarge  it,  and  ultimately  accelerate  the  enlargement  of  the 
Atchafalaya.  The  prevention  of  the  escape  of  flood  waters,  complete 
or  partial,  down  the  Atchafalaya  would  have,  as  an  immediate  effect, 
the  greater  or  less  increase  of  flood  height  in  Old  River,  and  steeper 
slope  from  its  mouth  down  the  Mississippi.  This  would  precede  the 
ultimate  adjustments  of  the  bed  to  the  increased  volume.  This  subject 
is  farther  discussed  under  the  head  of  levees  and  outlets. 

The  Commission  is  as  mindful  of  the  importance  of  this  part  of  their 
work  as  of  its  difficulties.  Upoti  the  completion  of  surveys  and  exami- 
nations now  in  progress,  full  report  and  recommendations  will  be  made. 

LOCK  AT  BAYOU  PIJkQUEMINE. 

The  surveys  for  this  work  are  not  yet  completed,  having  been  delayed 
by  the  unhealthiness  of  the  past  season. 

KEW   ORLEANS   HARBOR. 

The  project  for  laying  10,000  feet  of  mattress  revetment  400  feet  wide 
in  CarroUton  Bend  was  approved  Septeml)er  18, 1882.  Work  was  begun 
October  9,  1883,  but  has  made  little  progress  to  date,  owing  to  trouble 
in  securing  a  supply  of  brush. 

In  the  third  district  the  plan  of  scouring  out  the  mud  from  under  the 
wharves  by  the  use  of  a  tug  has  been  tri^  with  success. 

On  the  right  bank  from  Westwego  to  Algiers  there  has  been  serious 
caving,  involving  much  loss  to  property  of  considerable  present  and 
much  greater  prospective  value.  Fully  40,000  feet  of  bank  will  require 
protection. 

An  interesting  series  of  discharge  observations  were  obtained  at  Car- 
roUton between  January  27  and  September  7, 1883.  The  discharge  was 
measured  148  times,  and  the  observations  extended  from  a  2-foot  to  a 
15^-foot  stage. 

For  details  of  work  in  this  district  see  report  of  Maj.  Amos  Stickney, 
United  States  Engineers,  Appendix  M. 

PLANT  AND  GENERAL  SEBYICE. 

There  was  in  use  on  the  work  during  the  past  season  the  following 
plant,  in  part  owned  by  the  Government  and  in  part  chartered : 

Owned  by  the  Ooverninent. — One  hundred  and  eighty-nine  barges, 
thirty-nine  quarter-boats,  four  screen-boats,  three  machine-shop  boats, 
five  steam  tow-boats,  one  pumpingboat,  twenty-five  mattress  boats,  four 
hydraulic  graders,  one  steam-tug,  and  sixty-two  pile-drivers. 
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Chartered. — Six  steamers  and  six  barges. 

The  general  service  of  supply  and  towage,  as  well  as  the  constraotion 
of  plant,  was  throughout  the  year  in  charge  of  Gapt  C.  B.  Sears,  Corps 
of  Engineers,  United  States  Army,  the  executive  officer  of  the  Commis- 
sion in  the  department  of  construction,  to  whose  report  reference  can 
be  made  for  details.    (See  Appendix  H.) 

Estimates. 

At  a  meeting  held  June  26, 1883,  an  estimate  was  made  for  the  con- 
tinuance of  work  th^n  in  progress,  and  this  estimate  was  duly  forwarded 
to  Congress  through  the  honorable  the  Secretary  of  War.  At  that  time 
the  Commission  did  not  deem  it  best  to  make  any  recommendation  or 
estimate  in  reference  to  new  works  of  improvement,  the  works  then  in 
progress  being  in  a  comparatively  incomplete  stat<e,  and  their  results  as 
yet  undeveloped.  Since  that  time  the  progress  of  the  works  and  the 
favorable  results  produced  by  them  have  l^n  such  as  to  warrant  the 
belief  that  work  can  be  undertaken  in  one  or  more  additional  places,  if 
it  shall  be  the  will  of  Congress  to  carry  it  on  simultaneously  in  more 
places  than  those  at  which  it  is  now  in  progress. 

In  this  case  the  Commission  would  recommend  that  the  improvement 
of  New  Madrid  Reach  be  first  undertaken;  and  secondly,  that  of  Mem- 
phis Reach. 

Estimates  for  this  work  are  submitted  herewith,  and  the  estimate  pre- 
viously sent  in  is  repeated. 

LEVEES  AND  OUTLETS. 

Work,  under  the  allotment  made  by  the  Commission,  from  the  appro- 
priation of  August  2, 1882,  has  been  continued  during  the  year  on  those 
levees  which  were  not  finished  before  the  flood  of  I8.s3.  It  is  expected 
that  all  will  be  completed  before  the  expiration  of  this  year.  More 
detailed  notice  of  this  work  will  be  found  in  the  reports  of  the  district 
officers. 

The  Commission  now  recommends  the  continuation  of  levee  work 
during  the  next  season  on  the  fronts  of  the  Tensas  and  Yazoo  Basins. 

Surveys  and  examinations,  to  ascertain  the  condition,  cost,  and  effect 
of  levees,  have  been  continued  during  the  past  year.  The  limit  of 
topography  of  the  surveys  extends  back  from  the  river,  to  include  the 
site  and  height  of  all  existing  levees. 

Besides  this,  special  examinations  of  two  distinct  characters  have 
been  undertaken  and  carried  far  enough  to  yield  important  informa- 
tion. 

1st.  To  ascertain  the  effect  of  outlets,  particularly  in  the  form  of  cre- 
vasses, resurveys  have  been  made  in  the  neighborhood  of  several  of  the 
great  breaks  of  1882,  to  compare  with  the  genera] ,  survey  which  was 
extended  over  the  river  in  the  years  1880  and  1881.  The  result  of  this 
work  is  graphically  shown  and  accompanied  by  descriptive  text  in 
Appendix  D. 

In  every  observed  case  large  loss  of  section  occurred  as  follows : 


Place. 


Contanction. 


Sqtuire/fet 

Halone'ft j  2,200 

Riverton '  11,000 

Bolivar I  8,400 

Mound  Place I  23,800 


Contractioii. 


Pereentage. 
.04 
.14 
.11 
.24 
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The  above  figures  are  the  means  of  numerous  lines  run  at  each  place. 
It  is  worthy  of  notice  that  the  later  of  these  comparative  surveys  were 
taken  at  lower  stages  of  water  than  the  earlier,  and  therefore,  through 
tlie  bars,  other  things  being  equal,  a  more  deeply  excavated  bed  might 
be  ex]>ected  in  the  later  surveys.    But,  as  the  contrary  is  the  case,  it 
may  be  inferred  that  the  observed  net  results  are  decreased  rather  than 
exaggerated  by  the  relative  conditions  prevailing  at  the  time  of  survey. 
Similar  observations  have  been  made  during  the  year  at  Bonnet  Carr6 
crevasse,  with  this  difference :  the  foregoing  comparisons  were  between 
channels  before  and  after  the  breaking  of  the  crevasses,  while  the  follow- 
ing is  between  a  channel  during  the  flow  of  a  crevasse  and  after  its  closure. 
The  results  harmouize.     Through  this  part  of  the  river  (35  miles  above 
!^ew  Orleans)  such  depths  prevail  at  all  stages  that  great  changes  may 
occur  without  affecting  navigation  ;  but  valuable  opportunity  for  ob- 
servation on  crevasse  effects  was  afforded,  at  a  point  where  conflicting 
statements  had  been  made  with  equal  vehemence.    Careful  surveys 
were  therefore  made  while  the  crevasse  remained  open,  and  repeated 
over  the  same  lines,  in  the  fall  of  1883,  after  the  crevasse  was  closed 
aud  the  flood  of  that  year  had  passed.    The  final  results  of  this  work 
are  uot  yet  prepared,  but  the  change  observed  is  scour  throughout  the 
reach  below  the  crevasse,  amounting  to  approximately  12  per  cent,  of 
the  low-water  area. 

In  the  last  report  of  the  Commission  (Appendix  F,  p.  116)  will  be 
found  the  results  of  gauging  observations  on  the  Mississippi,  at  and 
above  Saint  Louis,  in  the  years  1880  and  1881.     Similar  observations 
were  undertaken  in  the  fall  of  1881,  at  Paducah,  on  the  Ohio,  and  at 
Columbus,  Helena,  Hay's  Landing,  and  Eed  River  Landing,  on  the  Mis- 
siftsippi  below  Cairo,  and  continued  into  the  fall  of  1882.    The  value  of 
this  series  was  much  enhanced  by  the  fortunate  occurrence  in  this  year 
of  the  greatest  recorded  flood.    Accompanying  this  report,  as  Appendix 
F,  will  be  found  the  tabulation  and  plotting  of  their  results.     They 
have  not  been  long  enough  available  to  have  received  complete  inves- 
tigation.   Certain  facts,  however,  are  quite  apparent  in  both  series.    It 
18  observable  that  the  rate  of  velocity  and  discharge,  during  a  rise,  in- 
creases more  rapidly  while  the  river  is  still  within  its  banks  than  dur- 
ing the  higher  stages  when  the  banks  are  submerged,  or  escape  occurs 
through  outlets.    At  several  of  the  stations  the  increase  of  velocity  is 
entirely  arrested  at  about  a  bank-full  stage,  and,  before  that  elevation 
is  reached,  absolutely  greater  velocities,  and  even  discharges,  were  found 
than  at  higher  stages,  when  much  of  the  volume  was  lost  over  the 
banks.    This  phenomenon  probably  continues  while  the  swamps  are 
filUng,  and  the  draft  from  the  river  is  across  the  banks.    After  they  are 
filled  to  or  near  the  height  of  the  river,  this  indirect  motion,  and  its  loss 
of  power,  ceases,  or  becomes  a  very  gentle  one,  generally  parallel  with 
the  river,  forming  what  may  be  term^  a  "  water  bank."    It  is  fairly  in- 
ferable from  this,  that  if  the  conditions  under  which  a  certain  curve, 
representing  the  increment  of  velocity  and  discharge,  while  the  river  is 
still  within  its  banks,  was  developed,  were  continued,  the  form  of  the 
curve,  throughout  its  upward  extension,  would  be  maintained,  and  that 
the  additional  height  required  for  levees  to  restrain  maximum  floods 
would  be  less  than  that  computed  alone  from  a  consideration  of  the  in- 
crease of  volume. 

An  illustration  of  the  accuracy  of  this  inference,  as  well  as  of  the  way 
in  which  flood  heights  are  immediately  augmentea  within  the  river  bed, 
under  existing  physical  conditions  by  crevasse  outlets,  is  found  in  the 
comparative  conduct  of  the  high  waters  of  1882  and  1883,  along  the  front 
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of  the  Yazoo  Ba^sin.  Although  the  volume  discharged  by  the  flood  of  1882 
was  unquestionably  greater  than  that  of  the  subsequeut  year,  owing  to 
its  duration,  yet,  from  Cairo  to  Helena  the  waves  attained  heights 
nearly  equal  to  each  other,  and,  in  both  cases,  above  those  of  previous 
records.  The  same  conditions,  as  regards  outlets,  or  the  gaps  in  the 
Saint  Francis  levees,  prevailed  during  the  two  years.  At  Helena,  in 
both  floods,  the  maximum  heights  were  reached  on  the  return  of  the 
overflow  from  the  Saint  Francis  Basin.  But  the  first  of  the  two  floods 
under  consideration  wrought  great  havoc  on  the  levees  at  the  head  of 
and  along  the  upper  part  of  the  front  of  the  Yazoo  Basin.  Of  1,500,000 
cubic  feet  per  second  gauged  at  Helena  at  the  top  of  the  flood,  one-third, 
or  500,000  cubic  feet,  were  estimated  by  the  assistants  of  the  Commission 
charged  with  that  duty,  as  escaping  from  the  river  through  these  breaks. 

Notwithstanding  this  depletion,  which  left  in  the  river  bed  a  volume 
not  exceeding  that  which  the  Helena  and  Hay's  Landing  gaugings  in- 
dicate can  be  discharged  at  these  stations  at  a  stage,  respectively,  6  and 
5  feet  lower  than  the  maximum  readings  of  the  year,  or,  approximately, 
at  a  bank-full  stage,  the  greatest  flood  heights  were  reached  along  the 
entire  front  of  the  basin. 

The  most  destructive  work  of  this  phenomenal  flood  was,  however, 
liear  the  lower  end.  The  water  leaving  the  river  through  the  crevasses 
at  the  head,  and  along  the  front,  sought  the  lower  levels  near  the  mouth 
of  the  basin.  The  Yazoo  Eiver  and  other  branches  of  the  natural  drain- 
age system  were  inadequate  to  afford  it  exit.  It  accumulated  in  the 
basin  to  a  height  of  several  feet  above  the  level  in  the  river,  until,  over- 
topping the  levees,  an  equalization  of  height  was  established  between 
the  river  and  basin,  above  the  mark  that  would  have  been  reached  by 
the  flood  passing  through  a  proper  channel. 

In  1883.  the  flood  wave  reached  Helena  with  approximately  the  same 
height  as  in  the  previous  year,  but  overflow  into  the  Yazoo  Basin  was 
prevented  by  the  holding  of  the  levees  which  had  broken  the  year  be- 
fore. In  pctesing  along  the  Yazoo  bottom,  the  wave  did  not  vary  ma- 
terially, in  height,  from  that  of  1882.  until  the  lower  end  was  reached. 
Here,  owing  to  the  exclusion  of  overflow  from  the  head  of  the  basin,  but 
little  return  flow  to  the  river,  beyond  the  natural  drainage,  occurred, 
and  the  height  of  1882  at  Yicksburg,  the  nearest  gauge,  was  not  reached 
by  about  five  feet. 

While  these  two  floods  attained,  approximately,  the  same  heights 
along  the  part  of  the  river  under  discussion,  the  difference  in  velocity 
was  very  marked.  Oaugings  in  1882,  when  the  overflow  into  the  Yazoo 
Basin  was  enormous,  established  the  sluggish  movement  of  the  water 
during  high  stages.  This  was  also  the  personal  observation  of  all 
classes  engaged  on  the  river ;  engineers,  steamboatmen,  and  planters. 
In  1883,  when  the  flood  wave  was  excluded  from  the  Yazoo  bottom,  the 
great  velocity  along  its  front  was  universally  noticed  by  the  same  ob- 
servers. 

The  conclusions  to  which  these  facts  contribute  evidence  may  be  thus 
stated.  The  loss  of  volume  through  high- water  outlets  causes  both  a 
diminution  of  velocity  and  a  deflection  of  the  thread  of  movement  of  the 
stream  towards  the  outlet,  accompanied  by  loss  of  the  power  necessary 
to  transport  the  material  with  which  it  is  loaded.  The  excess  of  load 
is  dropped  in  the  bed,  decreasing  the  section  below  the  outlet.  When 
these  conditions  recur  frequently,  and  are  extended  over  long  parts  of 
the  riVer,  as  the  front  of  any  one  of  the  great  basins,  where  volume  is 
alternately  reduced  and  augmented,  the  it^jury  inflicted  on  the  river  as 
a  channel  or  as  a  drain  is  cumulative,  leading  to  general  deterioration. 
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If  the  change  from  low  water  to  flood,  with  its  enormous  range  in  the 
measure  and  direction  of  the  river's  forces,  is  unfavorable  to  the  develop- 
ment of  a  navigable  and  permanent  channel,  or  au  effective  discharge 
section  from  the  different  conditions,  in  the  same  place,  at  different 
times,  it  certainly  increases  these  difScnlties  to  allow  the  introduction 
of  different  conditions,  at  the  same  time,  in  different  places. 

The  relief  from  excessive  flood  heights  which  might  have  been  antic- 
ipated from  the  decrease  of  discharge  below  the  outlet;  is  not  realized, 
owing  to  the  immediate  diminution  of  velocity,  and  of  vis  viva^  and  the 
consequent  contraction  of  sectional  area.    Besides,  the  flood-water  which 
escapes  through  the  outlets  is  returned  to  the  river  at  a  point  lower  down 
under  conditions  which  give  it  a  power  of  increasing  the  flood's  height  to 
an  elevation  which  would  not  have  been  reached  by  the  same  volume 
passing  down  the  legitimate  channel. 

The  facts  observed  during  the  past  year,  of  which  the  more  important 
have  been  here  recapitulated,  have  corroborated  the  views  of  the  Com- 
mission heretofore  expressed  in  reference  to  the  utility  of  levees  as  a 
means  of  channel  improvement.  This  statement  is  made,  as  heretofore, 
with  the  limitation  that  for  purposes  of  channel  improvement  merely, 
tbe  limit  of  economy  is  reached  with  the  confinement  of  the  ordinary 
flood,  and  does  not  extend  to  the  restraint  of  the  abnormal  or  extraor- 
dinary flood.  The  result  of  this  qualification  is  that  the  building  of 
leTces  to  the  height  necessary  to  protect  the  alluvial  basin  from  over- 
flow is  not  necessary  as  part  of  a  logical  plan  of  river  improvement. 
Tbe  work  of  determining  approximately  what  will  be  the  necessary 
beigbt  of  such  system  of  levees  has  been  in  the  hands  of  a  committee 
since  a  time  prior  to  the  last  report,  who  will  report  upon  it  as  soon  as 
the  extensive  investigations  necessary  to  reach  satisfactory  conclusions 
upon  the  subject  can  be  finished. 

In  the  mean  time  it  is  proposed  to  complete  the  closure  of  gaps  in  the 
existing  levees  along  the  Yazoo  and  Tensas  fronts  begun  a  year  ago,  as 
tbe  most  economical  and  the  shortest  method  of  shutting  off  the  escape 
of  water  into  those  great  reservoirs  and  securing  so  far  the  benefit  of 
tbe  entire  volume  of  the  river's  ordinary  discharge  in  the  improvement 
of  the  channel.  Beyond  that  the  Commission  is  not  prepared  at  this 
time  to  make  any  specific  recommendation  for  construction  of  levees  as 
a  means  of  channel  improvement,  and  reserves  the  subject  for  further 
consideration. 

The  act  creating  the  Commission  makes  it  the  duty  of  the  Commis- 
sion to  consider  the  subject  of  the  prevention  of  destroctive  floods,  and, 
as  bearing  upon  that  matter,  there  is  submitted  for  information  the  fol- 
lowing summary  of  the  probable  extent  and  cost  of  such  system  of 
levees  as  would  be  necessary  for  that  purpose. 

It  may  be  stated,  farther,  that  there  are  serious  practical  difSculties 
in  the  way  of  constructing  a  system  of  levees  no  higher  than  would  be 
necessary  for  the  confinement  of  ordinary  floods,  and  at  the  same  time 
protecting  them  against  disastrous  injury  from  the  great  floods  which 
oocor  at  irregn^ar  intervals.  The  practicability  and  probable  cost  of 
anch  protection  is  one  of  the  subjects  in  the  hands  of  the  committee 
before  referred  to.  It  is  obvious  that  for  the  secure  protection  of  the 
valley  from  overflow  there  is  necessary  a  system  of  levees  high  and 
•trong  enough  to  withstand  the  greatest  flood.  No  other  means  of  pro- 
tection is  practicable  or  even  possible.  These  facts  suggest  obviously 
the  idea  of  oo-operation  between  the  General  Government  and  the  com- 
munities interested  in  the  prevention  of  overflow  in  the  maintenanci^ 
of  a  levee  system  which  shall  serve  at  the  same  time  the  purpose  ot 
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improvement  iu  the  channel  and  protection  from  overflow.  And,  as 
preliminary  to  the  consideration  of  snch  a  suggestion,  the  probable  cost 
of  such  a  system  is  material. 

2d.  The  other  special  investigation  undertaken  during  the  past  year 
and  alluded  to  above  had  for  its  object  an  estimate  of  the  amount  of 
levee  work  reciuired  to  close  existing  gaps  and  give  such  grades  as  are 
shown  in  the  following  table.  It  is  believed  that  a  grave  misapprehen- 
sion prevails  concerning  the  qukntity  and  cost  involved  therein. 

While  the  figures  submitted  in  the  following  table  are  not  final,  they 
are  of  sufficient  authority  to  be  used  in  correcting  misleading  state- 
ments and  in  comparing  the  benefits  with  the  cost  of  levees. 

Two  facts  should  be  borne  in  mind  : 

First.  For  about  half  the  distance  below  Cairo  only  one  side  of  the 
river  requires  levees.  For  the  remainder  of  this  side  the  hills  are  so 
near,  at  distances  ranging  from  immediate  contact  to  not  over  six  or 
eight  miles,  that  the  loss  of  volume  of  discharge  over  the  intervening 
strips  of  bottom  land  is  not  considered  of  grave  importance. 

Second.  By  far  the  greater  part  of  the  required  work  is  now  in  ex- 
istence, having  been  constructed  by  the  riparian  communities  and  own- 
ers for  the  puri)Ose  of  land  reclamation. 

Estimate  of  cubic  yards  of  earthwork  required  for  levees  on  tlie  Mississippi  River  at  certain 

grades. 


8 


Commerce ,  Mo.,  to 
Cairo. 


Cairo  to  Island  No. 
40. 


Island  No.  40  to 
mouth  of  Saint 
Francis  Biver. 


Helena  to  month 
of  White  River. 


5     Arkansas  City  to 
Louisiana  line. 


220 


75 


80 


Eomarks. 


feet  above 
high  water, 
1882. 


....do 


.do 


.do 


90 


3  feet  above 
high  water, 
18S2. 


OtUncyards. 
1,008,000     No  survey  has  been  made  here.    The 
estimate  is  prorated  per  mile  of  leneth 
from  line  run  from  Cairo  to  I.<iland  N^o. 
40.    It  is  believed  to  be  ample,  as  the 
banks  are  not  so  low  as  those  below, 
and  the  overflow  is  from  backwater 
having  little  slope. 
11, 989, 000     This  estimat«  is  based  on  special  sur- 
vey.   Grade  of  survey  1  foot  above 
high  water,  1882.    Increaae  made  by 
adding  one  foot  to  height,  with  pro- 
portionate section,  to  mean  sectional 
area  over  entire  distance. 
2, 008, 000     This  estimate  is  made  from  surveys  and 
computations  made  for  the  purpose 
(see  Appendix  K  5)  with  grade  oi  1.5 
feet  aoove  high  water.   1882.     The 
quantities  for  the  additional  0.5  foot 
I      is  added  as  above. 
1,000,000  I  Tlie  swamp  basin  (White  River)  back 
I      of  this  line  is  of  small  capacitv  com* 
I      pared  with  the  Saint  Francis,  Yazoo, 
>      and  Tensaa.    The  line  has  been  well 
I      maintained  up  to  1882.    The  above 
I      amount  is  believed  to  be  sufficient  for 
!      necessary  repairs. . 
2, 903, 000  I  This  estimate  is  based  on  a  special  snr« 
I      vey  for  alternate  grades  at  high  water, 
1882,  and  1.5  feet  above  this  mark. 
The  difference  between  these  two  is 
I      338,856   cubic  yards.     The  average 
I      height  of  the  levees  on  the  opposite 
I      side  of  the  river  below  Greenville  is 
I      6.06.    Assuming  the  same  mean  height 
on  this  side,  this  amount  is  for  raising 
I      from  6.06  to  7. 56.    The  proportion  car- 
ried out  would  make  the  further  rais- 
j      ing  from  7..'>6  to  9.06,  or  3  feet  above 
higli  water,  1882,  require  about  424.000 
'      cubic  yards,  giving  the  accompanying 
tot-al. ' 
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Eihmats  of  cnbie  yards  of  earthwork  required  for  leveea  on  Missiseippi  River ^  ^c, — CoutM. 


i 


Location. 


6  1  Looiiiana  line  to 
I  oppoiite  War- 
\     raiton. 


7    Opposite  Warren- 
ton  to  Red  River. 


8  ISedBiTertoforts 
'  below  New  Or- 
1    Imdb. 


/ 


9    Horn  Lake  to 
Frlar't  Point. 


10  Frur'g  Point   to 

Sonflower. 

11  { Sonflowertomoatti 

of  Tazoo  River. 


Length. 


MiUt. 
100 


Grade. 


150 


270 


12 


Baton  Rouge  to 
forU  beloTir  New 
Orleans. 


Cost  at  25  eenta 
prrcnbicyuxl. 


70 


34 


220 


200 


2  feet  above 
bigh  water, 
1882. 


— do 


— do 


Contents. 


Remarks. 


CHMeyardi. 
3.426,080 


5, 140,  000 


6,652,000 


1, 276. 000 


3  feet  above 
hieh  water, 
1882. 


2  feet  above 
hieb  water, 
1882. 


620,000 
3, 925, 000 


4,838,000 


45, 775, 080 


$11, 443, 770 


Tbis  Is  tbe  estimate  of  the  assistant  en- 
gineer in  charge  of  the  line  for  rais- 
ing the  levees  3  feet  for  their  entire 
length.  As  the  grade  of  the  line  is 
very  uneven,  this  qnantity  of  earth- 
work, applied  to  the  lowest  places, 
wonld  raise  the  grade  of  the  line 
more  than  3  feet.  It  is  believed  to 
be  safflcient  for  a  safe  grade.  (See 
Appendix  — .) 

No  snrvey  has  been  made  of  this  line, 
but  the  same  provision  is  made  in  the 
estimate  as  in  that  fVom  the  Louisi- 
ana line  to  opposite  Warrenton,  viz, 
a  uniform  addition  of  3  feet  over  the 
entire  line,  on  an  assoroed  height  of 
6.06  feet. 

This  line  is  now  complete  in  length,  but 
of  insnflicient  grade.  The  necessity 
for  higher  grade  is  explained  in  the 
following  text.  The  assumed  mean 
height  is  7  feet,  to  be  raised  to  0  feet. 
In  the  execution  of  the  work  much 
the  greater  part  of  the  addition  would, 
of  course,  be  made  to  the  upper  part 
of  the  line. 

This  estimate  is  based  on  surveys  and 
computations  made  for  the  purpose 
(see  Appendix  — ).  An  addition  of 
half  a  foot  .is  made  to  the  original, 
making  the  grade  of  this  estimate  2 
feet  above  high  water,  1882. 

There  exist  but  two  breaks  in  this  line, 
but  the  estimate  is  prorated  per  mile 
from  the  foregoing  line. 

This  estimate  is  based  on  the  report  of 
the  United  States  assistant  engineer 
and  engineer  of  Mississippi  levee  dis- 
trict (see  Appendix  — ).  The  same  re- 
mark applied  to  estimate  from  Louis- 
iana line  to  Warentou  is  true  here. 

The  remarks  applied  to  iine  fVom  Red 
River  to  Forts  is  repeated  here.  The 
conditions  are  precisely  the  same. 


The  Commission  is  not  prepared  to  state  that  these  are  the  exact 
^des  that  are  likely  to  be  adopted,  but  it  is  not  believed  that  grades 
in  ex(5ess  of  these,  on  the  average,  will  be  required  for  the  purposes 
set  forth  in  the  organic  act,  unless  a  change  of  regimen  occurs  from 
some  remote  cause,  such  as  the  extensive  clearing  of  the  precipitous 
sides  of  some  of  the  tributary  basins. 

It  has  been  the  experience  of  the  General  Government,  as  well  as  of 
the  riparian  States,  that  such  embankments  as  the  above  can  be  con- 
structed for  an  average  price  not  exceeding  25  cents  per  cubic  yard, 
giving  a  result  of  $11,443,770. 

In  conclusion  of  this  subject,  the  Commission  considers  it  necessary 
to  call  the  attention  of  Congress  to  peculiar  conditions  existing  below 
Red  River.  This  section  of  the  river  is  in  a  state  of  much  greater  sta- 
bility than  is  found  in  any  other  part  of  its  course  below  the  junction 
of  the  Missouri.  At  a  short  distance  below  Red  River  it  becomes  nar- 
rower and  deeper.  It  has  been  leveed  throughout  for  a  great  many 
years.  No  flood  complications  arise  here,  as  above,  from  the  return  of 
overflow  water  which  has  escaped  from  the  river  at  points  higher  up. 
This  all  reaches  the  sea  through  the  numerous  delta  bayous  on  either 
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side.  Its  bed,  enlarged  by  levees,  is  fairly  adapted  to  the  drainage 
service  which  has  hitherto  been  imposed  upon  it. 

During  the  floods  of  1874,  1882,  and  1883  this  part  of  the  river  was 
filled  to  its  utmost  capacity.  The  levees  were  a  wash  for  hundreds  of 
miles,  and  the  waves  of  passing  steamers  rolled  over  them.  Many 
disastrous  breaks  occurred. 

The  gaugings  at  Carrollton  in  1883  showed  that  the  river  at  this 
point  was  only  discharging,  at  a  maximum,  about  1,100,000  cubic  feet 
])er  second,  while  those  at  lied  liiver  Landing  in  the  previous  year 
showed  that  double  this  volume,  or  about  2,200,000  feet,  found  its  way 
down  the  valleys  of  the  Mississippi  and  Eed  rivers. 

While  it  is  not  anticipated  that  the  completion  of  the  levees  of  the 
Tensas  front  to  within  20  miles  of  Eed  Kiver,  and  the  confinement 
within  the  river  of  that  part  of  the  flood  which  has  been  allowed  to  es- 
cape above  will  cause  greater  flood  heights  at  the  mouth  of  Red  River, 
it  seems  certain  that  it  will  have  the  effect  of  increasing  and  making 
constant  the  outlet  of  the  Mississippi  through  Old  River  down  the 
Atchafalaya. 

Measures  that  may  become  necessary  to  prevent  this,  by  diminishing 
the  discharge  of  the  Atchafalaya,  or  by  directing  more  of  the  Red  River 
flow  down  the  Mississippi,  will  throw  into  the  latter  stream  a  volume 
in  excess  of  any  known  discharge.  While  this  increased  volume  would 
undoubtedly  make  room  for  itself  by  ultimate  enlargement  of  section, 
it  could  only  do  so  by  the  work  of  scour,  the  resistance  to  which  would 
be  indicated  and  measured  by  increased  slope,  or  greater  elevation  of 
surface  throughout  that  part  of  the  river  while  undergoing  enlargement. 

Such  additional  service  should  not  be  imposed  upon  a  region  in  which 
have  been  adopted  the  measures  necessary,  under  existing  conditions, 
for  protection  from  inundation,  without  due  preparation  for  the  increased 
height  which  will  be  given  the  floods. 

LEGISLATION. 

The  Commission  repeats  with  emphasis  the  recommendation  made  in 
three  preceding  reports,  that  provision  be  made  by  law  for  the  appropri- 
ation, by  suitable  proceedings,  of  land  and  material  necessary  in  any 
work  of  Mississippi  River  improvement  undertaken  by  the  Government. 
W^ithin  the  past  year  some  serious  inconvenience  has  been  suffered  from 
exorbitant  demands  made  by  land-owners  for  brush  and  piles.  These 
materials  are,  in  most  cases,  worth  little  or  nothing  to  the  owner,  and 
are  unsalable  to  any  buyer  except  the  Government  at  any  price.  But 
at  the  prices  some  owners  ask  for  them  they  would  make  a  large  item 
of  cost.  It  is  not  believed  that  there  would  be  frequent  occasions  to  re- 
sort to  condemnation  of  private  property,  if  such  proceedings  were  au- 
thorized, as  in  most  cases  the  existence  of  the  power  would  be  a  suffi- 
cient prev'entive  of  extortion ;  although  cases  may  arise  in  which  the 
possession  and  exercise  of  the  power  would  be  highly  important. 

It  is  highly  desirable,  also,  that  Congress  shall  prescribe  by  law  the 
extent  to  which  material  found  on  islands  and  bars  in  the  river  may  be 
used  without  payment  of  damages.  It  is  believed  that  the  supreme 
right  of  control  and  improvement  of  rivers  navigable  for  inter-state  com- 
merce which  is  vested  in  the  United  States  carries  with  it  the  right  to 
use  in  the  work,  of  improvement,  without  the  consent  of  an^-  individual 
owner,  all  such  material  as  may  found  within  the  limits  of  the  river  it- 
self, and  constituting  part  of  it.  Upon  this  point  differences  of  opinion 
are  liable  to  arise  between  the  engineers  in  charge  and  riparian  propri- 
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etors,  to  avoid  which  there  should  be  such  express  provision  of  law  as 

will  define  th^  respective  rights  of  the  Government  and  the  private 

owner  as  clearly  as  possible. 
It  is  recommended  also  that  provision  be  made  by  law  for  retaining 

coutrol  by  the  Government  over  areas  of  lands  built  up  from  deposite 
induced  by  the  works  of  improvement  placed  in  the  river  bed.  These 
amount  in  some  instances  to  hundreds  of  acres,  and  in  some  localities 
nparian  owners  may  be  disposed  to  claim  possession  of  them  to  the 
detriment  of  the  improvement.  It  is  expected  that  in  most  such  ca^es 
it  will  be  found  desirable  to  encourage  the  growth  of  trees  upon  the 
newly  made  banks,  and  occupy  them  in  that  way  for  many  years,  and 
perhaps  permanently. 

It  is  regarded  as  important,  also,  that  a  law  shall  be  enacted  for  the 
punishment  of  any  person  who  shall  make  a  cutoff  at  any  neck  or  bend 
in  the  Mississippi  Eiver.  The  history  of  the  river  indicates  a  tendency 
to  recurring  cycles  of  change.  A  cut-off  is  followed  by  a  sudden  in- 
crease of  velocity  in  its  vicinity,  and  by  rapid  caving  above  and  below. 
These  are  likely  to  cause  other  cut-oflfe,  one  after  another,  and  there  then 
results  a  widely -extended  and  long-continued  disturbance  of  the  regi- 
men of  the  river.  During  the  continuance  of  such  a  period,  works  of 
improvement  in  the  channel  would  be  attended  with  the  greatest  diffi- 
culty, ^o  great  cut-oflf  has  occurred  since  that  at  Vicksburg  in  187(5, 
and  the  present  conditions  of  the  river  in  that  respect  are  regarded  as 
favorable.  But  the  conditions  are  also  existing  for  the  introduction  of 
a  cycle  of  change  by  the  making  of  a  single  cut-off,  the  injurious  con- 
sequences of  which  it  is  impossible  to  estimate.  Such  events  have  hap- 
pened in  the  past  through  the  lawless  acts  of  individuals,  and  against 
these,  stringent  penalties  should  be  provided. 

FINANCIAL  STATEMENT. 

Approprialion  for  surveys  and  expenses  of  the  Mississippi  River  Commissionf  act  of  March 

3,  1883. 

Balance  on  band  December  16,  1882 191,780  88 

Appropriated  by  act  approved  March  3,  1883 150,000  00 

Total 241,780  88 

Expended  from  December  16,  1882,  to  November  30,  1883,  including  esti- 
mated liabilities  174,700  00 

Balance  which  it  is  estimated  will  be  required  during  remainder  of  fiscal 
ytiar  ending  June  30,  lb84 67,080  88 

241,780  88 


The  estimate  of  funds  for  fiscal  year  1885,  which  was  transmitted  to 
the  honorable  the  Secretary  of  War  on  June  25,  1883,  is  here  repeated. 

B8TIHATE  OP   FUNDS  FOR  SALARIES  AND  EXPENSES  OF  THE  COMMISSION  FOR  NEXT 

FISCAL  YEAR. 

To  continue  the  **  surveys  of  the  Mississippi  River  between  the  Head  of  the 
Passes,  near  its  mouth,  and  its  headwaters,  now  in  progress" ;  to  make 
"additional  surveys  and  examinations  of  said  river  and  its  tributaries" ; 
to  make  such  additional  examinations  and  investigations,  topographical, 
hydrographical,  and  hydrometrical,  as  are  necessary  for  maturing  a  plan 
for  the  permanent  improvement  of  the  entire  river;  for  salaries  and  ex- 
penses of  the  Commission  in  traveling,  mileage,  and  inspection,  for 
oflBce  expenses,  computing,  draughting,  &c.,  and  for  publication  of  maps 
and  results §200,000  00 
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The  estimate  of  funds  for  works  of  improvement  for  thb  fiscal  year 
1885,  which  was  transmitted  to  the  honorable  the  Secretary  of  War  on 
June  26, 1883,  is  here  repeated. 

ESTIMATE  OF  FUNDS  FOR  WORKS  OF  IMPROVEMENT  FOR  FISCAL  YEAR  ENDING  JUNE 

30,  1885. 

For  works  of  im^rovemeut  on  the  Mississippi  River  below  Cairo,  in- 
oludinff  works  in  progress  in  the  Lake  Providence,  Plnm  Point,  and 
Memphis  Reaches ;  tne  completion  of  the  closing  of  existing  crev- 
asses and  ontlets  on  the  Tensas  and  Yazoo  fronts ;  the  rectification  of 
the  Red  and  Atchafalaya  Rivers,  and  the  harbors  of  Memphis,  Vicks- 
burg,  Natchez,  and  New  Orleans $3,000,000  00 

In  addition  to  the  above,  and  as  explained  in  the  foregoing  rei>ort, 
the  Commission  presents  the  following: 

Supplemental  eatimaie  far  the  New  Madrid  and  Memphis  Eeaohee  far  fiscal  year  ending^ 

June  30,  1885. 

For  work  on  the  New  Madrid  Reach $1,000,000  00 

For  work  on  the  Memphis  Reach 675, 000  00 

N  FINANCIAL  STATEMENTS. 

Apprapriatian  far  improving  Mississippi  River,  act  of  August  2,  1882. 

Balance  December  1,  1882 $2,388,000  00 

Amount  expended  to  November  I,  1883,  including  outstanding  liabili- 
ties (estimated)  to  January  1,  1884,  for  steamboats,  pile-drivers,  and 
other  floating  plant ;  for  materials,  tools,  supplies,  and  labor,  contin- 
uing and  beginning  work  at  Plum  Point,  and  Lake  Providence,  Mem- 
phis, and  New  Madrid ;  for  subsisting  and  quartering  the  labor  em- 
ployed, and  for  payments  on  contracts  for  coustruction  and  repair  of 

levees 2,187,730  80 

Balance  available  and  unpledged  January  1,  1884,  and  which  will  be 
required  for  care  of  property  and  maintenance  of  organization  during  ' 

the  remainder  of  the  fiscal  year 200, 269  20 

2,388,000  00 
Appropriaiian  for  Xetc  Orleans  Harbor, 

Balance  on  hand  July  1,  1882 $147,793  81 

Expended  from  July  1,  1882,  to  November  1,  1883 38,414  90 

Balance  available  November  1,  1883 109,378  91 

147,793  81 
Appropriation  for  improving  mouth  of  Red  River, 

Balance  on  hand  July  1, 1882 $90,^12  40 

Expended  from  July  1,  1882,  to  November  1, 1883 51,970  66 

Balance  available  November  1, 1883 38,841  74 

90, 812  40 
Appropriation  f 01'  Natchez  Harbor, 

Balance  on  hand  July  1,  1882 $8,252  04 

Expended  from  July  1,  1882,  to  November  1,  1883 2,920  62 

Balance  available  November  1,  1882 5,331  42 

8,252  04 
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Total  amounts  of  funds  in  Treasury  and  in  bands  of  disbursing  officers, 
NoTember  1,  1883: 

Appropriation  for  improving  Mississippi  River $844, 717  1$ 

Appropriation  for  New  Orleans  Harbor 109,378  91 

Appropriation  for  month  of  Red  River 38, 841  74 

Appropriation  for  Natchez  Harbor 5,331  42 

Total 998,269  20 

Estimated  liabilities  to  January  1, 1884,  including  retained  percentages 
and  balances  due  on  contraote  for  levee  work  and  outstanding  liabil- 
ities for  material  and  labor  on  works  of  construction 798, 000  00 

Balance  available,  asabove 200,269  20 

CHAS.  R.  SUTER, 

Major  of  Engineers^  U.  8.  A. 
HENRY  MITCHELL, 

Coast  and  Geodetic  Survey. 
B.  M.  HARROD. 
ROBERT  S.  TAYLOR. 
S.  W.  FERGUSON. 

I  concar  in  the  foregoing  report,  except  so  much  of  it  as  relates  to 
leiT^ees  and  oatlets,  on  which  subject  I  will  submit  my  views  separately. 

C.  B.  GOMSTOCK, 
Lieutenant- ColoT^l  of  Engineers^  and  Brevet  Brigadier-Oeneralj 

President  Mississippi  River  Commission, 

I  concur  in  the  foregoing  report  of  the  Commissiou,  witb  the  single 
qualification  that  the  value  of  levees  as  a  factor  iu  the  problem  of  chan- 
nel improvement  in  preventing  the  wide  dispersion  of  flood  waters,  is 
not  affirmed  in  the  report  in  sufficiently  positive  terms,  and  with  that 
clearness  and  prominence  to  which,  iu  my  judgment,  it  is  entitled. 

Q.  A.  GILLMORE, 
Colonel  of  Ungineers,  Brevet  Major-Qeneraly  U.  8.  A. 

As  I  am  unable  to  concur  in  the  part  of  the  report  relating  to  levees, 
I  submit  the  following  remarks : 
l^e  Commission  state — 

Tbe  act  creating  the  Cominission  makes  it  the  duty  of  the  Commissiou  to  consider 
the  subject  of  the  prevention  of  destructive  floods,  and,  as  beariiig  upon  that  matter, 
there  is  submitted  for  information  the  following  summary  of  the  probable  extent  and 
codt  of  such  a  system. 

The  Commission  submits  an  estimate  for  levees,  to  prevent  destructive 
floods,  from  Commerce,  Mo.,  to  the  forts  below  New  Orleans,  and  pro- 
poses heights  for  them  of  two  or  three  feet  above  the  high  water  of  1882. 
The  cost  of  the  proposed  system  is  estimated  at  $11,443,770,  and,  for 
the  reasons  stated  hereafter,  is,  in  my  judgment,  too  small  for  any  ade- 
quate system  of  levees  intended  to  prevent  destructive  floods  and  (ex- 
cept at  intervals  of  15  or  20  years)  to  secure  the  property  of  the  inhab- 
itants behind  them  from  danger  of  destruction. 

Before  a  system  of  levees  can  be  planned  the  question  must  be  decided 
whether  it  shall  be  attempted  to  confine  the  greatest  floods,  or  only 
those  somewhat  less  than  the  greatest.    When  it  is  remembered  that 
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the  cost  of  these  levees  will  necessarily  be  great ;  that,  as  they  will  be 
high,  breaks  through  them  will  involve  large  costs  in  repairs ;  that  their 
object  is  to  make  possible  the  safe  existence  behind  them  of  a  large  and 
productive  population  in  the  alluvial  bottoms  they  protect;  that  only 
the  expectation  of  such  a  population  can  justify  the  large  expense  in- 
volved ;  that  breaks  in  the  levees,  when  the  bottoms  are  filled  up  by 
plantations,  would  involve  enormous  loss  of  property ;  that  the  annual 
height  of  floods  in  rivers  is  now  believed  to  increase  as  the  country  they 
drain  is  cleared  up ;  in  view  of  all  these  considerations  it  seems  the  wiser 
plan  to  face  at  once  a  great  flood,  and  to  provide  for  its  confinement  be- 
tween levees. 

It  may  be  said  that  with  interest  at  3  per  cent,  it  would  be  cheaper 
to  allow  great  floods  once  in  ten  or  fifteen  years  to  overtop  and  largely 
damage  the  levees  than  to  incur  a  greater  expense  to  avoid  an  evil  that 
occurs  only  at  such  intervals  of  time.  But,  as  has  already  been  said,  the 
only  economical  justification  of  the  expense  involved  in  an  efficient 
system  of  levees  is  the  belief  that  in  time  the  whole  region  protected 
from  overflow  shall  become  populated  and  highly  productive.  When 
that  time  approaches  the  damage  done  to  levees  by  floods  which  went 
over  them  would  be  insignificant  in  proportion  to  the  incalculably 
greater  damage  done  to  the  population  behind  them. 

Moreover,  great  floods  are  not  rare. 

At  Cairo,  between  1862  and  1883,  inclusive,  four  floods  have  reached 
or  exceeded  a  reading  on  the  guage  of  50.8  feet;  the  highest  known 
reading  being  ^2.4  feet,  in  1883.  A  flood  of  51.5  feet  may  then  be  looked 
for  once  in  ten  years. 

At  Memphis,  between  1858  and  1883,  inclusive,  the  gauge-reading  has 
equaled  or  exceeded  34.0  feet  six  times ;  the  highest  reading  being  35.1 
feet,  in  1882.    A  flood  of  34.5  feet  may  be  expected  once  in  ten  years. 

At  Helena,  between  1867  and  1883,  inclusive,  floods  have  four  times 
equaled  or  exceeded  a  gauge-reading  of  45.8  feet;  the  maximum  being 
47.2  feet,  in  1882.  A  flood  of  46.5  feet  may  be  expected  once  in  ten 
years. 

At  the  mouth  of  White  Eiver,  between  1862  and  1883,  inclusive,  the 
floods  have  five  times  given  a  gauge-reading  of  46.6  feet,  or  more ;  the 
highest  being  48.5  feet,  in  1882.  A  flood  of  47.5  feet  may  be  expected 
once  in  ten  years. 

At  Vicksburg,  between  1858  and  1883,  inclusive,  floods  have  four 
times  given  gauge-readings  of  48.8  feet  or  more;  the  highest  being  51.1 
feet,iin  1862.  In  1882  the  flood  only  reached  48.8  feet,  the  maximum 
since  1867,  and  may  have  had  its  height  diminished  by  the  Vicksburg 
cut-off  of  1876.    A  flood  of  49.0  feet  may  be  expected  once  in  ten  years. 

At  Natchez,  between  1858  and  1883,  floods  reached  a  gauge-reading 
of  47.9  feet  or  more  five  times ;  the  maximum  being  50.3  feet,  in  1862. 
A  flood  of  48.0  feet  may  be  expected  once  in  ten  years. 

At  "Bed  Eiver  Landing,  between  1867  and  1883,  the  gauge  has  in  three 
years  had  a  flood  reading  of  46.3  feet  or  more,  the  maximum  being  48.6 
feet  in  188i.    A  flood  of  47.0  feet  may  be  expected  once  in  ten  years. 

At  Carrollton,  floods  have  reached  a  gauge-reading  of  1^.4  feet,  or 
more,  five  times  between  1859  and  1883,  the  highest  being  15.9  feet  in 
1862.    A  flood  of  15.6  feet  may  be  expected  once  in  ten  years. 

These  statements  refer  to  the  river  as  it  has  been  since  1858. 

In  the  preceding  statements  of  floods  that  may  be  expected  once  in 
ten  years,  the  heights  are  adopted  from  an  examination  of  the  heights 
of  the  floods  mentioned. 

The  following  table  recapitulates  the  preceding  information,  and  gives 
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also  the  lowest  readings  on  the  gauges,  with  their  years,  and  the  high 
water  readings  in  1882 : 


s 

mm 

a 


0 
230 
3N 

3» 
SOT 
700 
784 
965 


Stations. 


Cairo 

Memphis , 

Helena 

White  River  ...... 

VickAborg 

Natchez 

Red  River  Landing 
OarroUtoQ 


• 

u 

s 

ee 

It 

ji 

2 

Year. 

•*» 

S 

X 

bC 

a 

Ftst 

S2.4 

1883 

35.1 

1882 

47.2 

1882 

48.5 

1882 

61.1 

1802 

50.3 

1862 

48.  G 

1882 

15.9 

1802 

u 
o 

s 

o 

1^ 


Feet. 

-1.0 

-1.0 
0.0 
0.0 

-1.3 
0.0 
0.0 

-1.6 


Mi$ 

.p. 

Year. 

readin 
to  bee 
noe    i' 

^S—  a 

Feet, 

1871 

51.5 

1872 

34.5 

1872 

46.5 

1872 

47.5 

1872 

49.0 

1872 

48.0 

1872 

47.0 

1872 

15.6 

u 

a 

Ms 

.92 

O 


*1 

es 


Feet. 
51.8 
35.8 
47.2 
48.5 
48.8 
47.9 
48.6 
15.0 


If  the  fignres  in  the, last  two  columns  of  this  table  be  compared,  it  will 
be  seen  that  in  five  cases  the  flood  of  1882  was  higher  than  the  flood 
that  may  be  expected  once  in  ten  years,  and  in  three  ca.-es  lower,  and 
that  in  the  average  of  all  it  was  0.4  foot  higher.  Considering  the  small- 
neas  of  this  excess  above  the  floods  to  be  expected  once  in  ten  years, 
the  fact  that  at  four  places  out  of  eight  the  flood  of  1882  was  not  the 
maximum  flood  observed  in  the  last  2u  or  25  years,  and  the  probability 
that  the  height  of  floods  will  increase  in  the  future,  it  seems  proper  that 
in  the  plan  for  any  general  system  of  levees,  if  the  principle  of  keeping 
out  all  floods,  whatever  their  height,  should  be  surrendered  (a  step  of 
doubtful  advisability),  the  plan  should  at  least  provide  for  holding  a 
flood  like  that  of  1882. 

In  what  follows,  that  flood  will  be  the  one  considered, 

AAtoting  the  flood  of  1882  as  the  one  to  be  confined,  the  next  ques- 
tion ywhat  height  of  levees  is  necessary. 

From  the  investigations  of  the  Commission,  the  flow  of  the  flood  of 
1882  at  its  maximum  down  the  Mississippi  Valley,  whether  in  the  river 
proper  or  in  the  bottom  lands,  is  now  at  least  approximately  known. 
With  a  complete  system  of  levees  on  the  river  banks,  the  whole  of  that 
flow  would  be  confined  between  them. 

The  following  table  gives  the  appro.ximate  results  of  the  observations 
of  the  Commission  (many  of  them  not  yet  published)  which  were  made 
on  the  floods  of  1882  and  188:i: 


Stations. 


Maximum  dis- 
charge obserrwl 
in  flood  of  1882 
in  river  proper. 


Colambaa 

FaltoD  (estimated  from  observations  of  1880) 

Helena , 

Hav'i  Landing      

K«l  River  Landing 


Cribic/eet. 
1, 600, 000 
1. 200, 000 
1,  540.  000 
1,  060,  000 
1,  600, 000 


Amount  which 

was  flowing 
down  valley  out- 
side of  river. 


Total  flow  past. 


Cubic  feet. 

200.000 
600.000 
360,000 
940,000 
6U0, 000 


Cubic  feet. 
1. 800, 000 
1,800,000 
1,900,000 
2,  000. 000 
2,  200,  OCO 


Observations  determining  the  relations  between  gauge-readings  and 
corresponding  discharges  were  made  at  several  stations.  If  those  gauge- 
readings  be  platted  as  ordinates  and  the  corresponding  discharges  as 
abscissas,  the  resulting  broken  line  which  deviates  somewhat  from  a 
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right  line  is  called  a  discbarge  curve.  This  discharge  curve  for  the 
rising  river  is  usually  tolerably  regular  until  the  river  gets  above  its 
banks,  when  it  may  become  irregular  and  complicated  from  the  escape 
of  water  over  the  banks  and  from  variations  in  the  slope  of  the  main 
river,  due  to  floods  in  tributaries  or  to  return  of  water  from  the  swamps 
into  which  it  had  previously  escaped. 

But  if  the  river  were  leveed  throughout  its  length,  it  seems  probable, 
so  far  as  the  investigations  of  the  Commission  yet  go,  that  at  places  un- 
affected by  tributary  flow  the  discharge  curve  for  the  confined  river  for 
all  stages  would  be  a  continuation  of  that  of  the  unconfined  river  for 
stages  less  than,  or  equal  to,  that  at  which  escape  over  banks  begins. 

If  this  should  be  verified  by  a  complete  study  of  the  subject,  not  yet 
made  by  the  Commission,  the  method  of  determining  the  gauge  reading 
at  a  place  where  discharge  observations  have  been  made  which  would 
pass  a  given  discharge  with  the  river  thoroughly  leveed,  would  be  to 
prolong  graphically  the  observed  discharge  curve,  continuing  it  with 
the  form  it  had  before  overflow  began  up  till  it  corresponds  to  the  de- 
sired discharge.  The  gauge  reading  corresponding  to  that  discharge 
would  be  the  corresponding  height  of  the  confined  water  surface. 

These  discharge  curves  at  Columbus,  Helena,  Hay's  Landing,  and  Red 
River  Landing  are  given  in  the  Commission's  report  for  1883.  Any  one 
can  examine  the  result  of  prolonging  them  and  form  an  idea  of  the 
new  gauge  heights,  although  different  persons  would  differ  somewhat 
in  estimating  their  prolongations.  From  the  discharge  measurements 
and  the  observations  of  tioo<i  escape  over  river  banks  in  the  floods  of 
1882  and  1883,  by  Mr.  Johnson  and  Mr.  Stewart,  it  is  known  that  in  the 
flood  of  1882  the  maximum  flow  across  the  latitude  of  Columbus,  Ky., 
was  approximately  1,800,000  cubic  feet  per  second,  which  at  Red  River 
Landing  increased  to  about  2,200,000  cubic  feet. 

With  a  thorough  system  o  i  levees  these  quantities  would  have  been 
confined  between  the  levees,  and  the  question  now  is,  how  much  would 
the  levees  have  raised  the  river  surface  above  the  height  it  actually  had 
in  1882! 

At  Columbus,  Ky.,  overflow  begins  at  about  95  feet  on  tiie  gauge ;  a 
prolongation  of  the  discharge  curve  in  the  way  previously  stated  gives  for 
a  discharge  of  1,800,000  cubic  feet  a  stage  about  3  feet  above  the  flood 
of  1882. 

A  discharge  curve  for  Fulton,  Tenn.,  is  given  in  the  Commission  re- 
port for  1881.  A  prolongation  of  that  curve  gives  for  1,800,000  dis- 
charge a  gauge  reading  of  about  72  feet,  or  10  feet  above  the  flood  of 
1882. 

The  maximum  discharge  across  the  latitude  of  Helena,  Ark.,  for  the 
flood  of  1882  may  be  taken  as  1,900,000  cubic  feet.  Prolonging  the 
Helena  discharge-curve  to  this  amount,  the  gauge  reading  is  about  4 
feet  above  high  water  of  1882. 

At  Hay's  Landing,  just  below  Lake  Providence,  the  maximum  dis- 
charge aeross  its  latitude  in  the  flood  of  1882  may  be  taken  as  2,000,000 
cubic  feet.  The  discharge  curve  prolonged  to  this  amount  gives  a  gauge 
reading  10  feet  above  the  flood  of  18S2. 

At  Red  River  Landing  the  question  of  flood  height  with  high  levees 
will  depend  on  the  amount  of  water  that  is  allowed  to  escape  down  the 
Atchafalaya.  The  maximum  observed  discharge  at  Red  River  Landing 
in  1882  was  1,600,000  cubic  feet.  The  estimated  flow  across  the  latitude 
of  Red  River  Landing  was  2,200,000,  so  that  if  200,000  or  300,000  cubic 
feet  were  allowed  to  go  down  the  Atchafalaya,  the  flow  below  Red  River 
Landing  would  be  1,900,000  or  2,000,000  cubic  feet,  so  that  the  raising 
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of  all  the  levees  below  lied  River  Landing  would  be  necessary  to  bold 
this  increase  of  300,000  or  400,000  cubic  feet  per  second. 

Where  there  was  a  flow  of  from  500,000  to  900,000  cubic  feet  per  sec- 
ond down  the  valley,  outside  of  the  river,  in  the  flood  of  1882,  as  was  the 
case  for  long  distances  above  and  below  Fulton  and  Lake  Providence, 
here  will  be  for  long  distances  levees  needed  whose  heights  above 
he  flood  of  1882  will  approach  the  heights  of  those  needed  at  Lake 
Providence  (or  Hay's  Landing)  and  Fulton. 

A  good  system  of  levees  should  rise  3  feet  above  the  expected  heights 
of  the  confined  water.  No  provision  has  been  made  for  this  in  these 
remarks,  because  at  several  points  the  flood  of  1882  was  the  highest  of 
which  we  have  accurate  records,  and  in  this  paper  it  has  not  been 
proi>osed  to  confine  the  highest  floods,  although  that  is  essential  in  a 
thorough  and  effective  levee  system. 

Nor  has  the  possible  lowering  of  the  river  slope,  which  might  occur 
some  time  after  the  building  of  the  levees,  been  taken  into  account.  The 
first  effect  of  building  levees  would  be  to  raise  the  flood  surface.  I 
know  of  no  facts  of  experience  which  give  data  for  determining  either 
the  amount  of  such  ultimate  lowering  or  the  time  required  for  it. 

As  stated  by  the  Commission,  a  thorough  study  of  the  subject  of 
levees  has  not  yet  been  made ;  until  then,  accurate  estimates  are  impos- 
sible, and  the  heights  above  the  flood  of  1882,  of  3  feet  at  Columbus,  10 
feet  at  Fulton,  4  feet  at  Helena,  and  10  feet  at  Lake  Providence,  given 
above,  are  only  approximations.  Such  as  they  are,  they  make  it  im- 
possible for  me  to  concur  in  the  stimate  of  $11,443,770  as  the  cost  of 
a  general  system  of  levees  from  Commerce,  Mo.,  to  the  Forts,  adequate 
to  preserve  that  country  from  destructive  floods. 

C.  B.  COMSTOCK, 
Lieutenant- Colonel  of  Engineers  J  and  Brevet  Brigadier- Oeneral, 

President  Mississippi  River  Commission. 

New  York,  December  22, 1883. 

The  Hon.  Eobt.  T.  Lincoln, 

Secretary  of  War. 

(Through  the  Chief  of  Engineers.) 
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TABLE  OF    TOTAL    EXPENDITURK8,    CONSTRUCTION    DEPARTMENT,   MISSISSIPPI  RIVER 
COMMISSION,  FROM  THE  BEGINNING  OF  CONSTRUCTION  UP  TO  NOVEMBER  1,  1883. 

[Covering  appropriations  of  March  3, 1881,  and  Aagnst  2,  1882.] 

New  Madrid  Reach $209,071  11 

Plum  Point  Reach 1,406,216  85 

Memphis  Reach  and  Harbor 268,269  64 

Lake  Providence  Reach 1,225,582  :« 

Vicksburg  Harbor 44, 5*22  40 

Delta  Point,  La 49,992  36 

Survey  of  Helena  Reach 7,511  29 

Survey  of  Saint  Francis  front,  first  district 3, 312  91 

Survey  of  Saint  Francis  front,  second  district 3, 212  93 

Survey  of  unleveed  fronts,  third  district 496  96 

Survey  of  unleveed  fronts,  fourth  district 

Survey  of  Cubitt's  Gap 137  14 

Choctaw  Bend  survey ' 2, 679  86 

Observations  at  Carrollton,  La 3,000  00 

Closing  Bonnet  Carr^  Crevasse 15,000  00 

LEVEES. 

Second  District. 
Yazoo  front 79,832  25 

Third  District. 

Tensas  front 291,156  49 

Yazoo  front 313,836  32 

Fourth  DistHcL 

Atchafalava  front j 102,947  22 

Tensasfront 251,630  81 

Total 4,278,408  87 

TABLE  OF  TOTAL  EXPENDITURES  FROM  SPECIAL  APPROPRIATIONS. 

Natchez  and  Vidalia  (June  30,  1882.  to  November  30, 1883) 12, 920  62 

Mouth  of  Red  River  (to  November  1, 1883) 51,970  66 

New  Orleans  Harbor  (July  1, 1882,  to  November  1,  1883) 38, 414  90 

Total 93,306  18 

Total  from  all  appropriations 4,371,715  05 

Respectfully  submitted. 

CLINTON  B.  SEARS, 
Captain  Engineers,  U.  S.  A., 
Secretary  Construction  Committeey  Mississippi  River  Commission, 
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APPENDIX   A. 

ANNUAL    REPORT    OF    THR  SECRETARY  OF  THE  COMMISSION   UPON  THE  FIELD  WORK 

OF  SURVEYS  AND  EXAMINATIONS. 

• 

Office  of  Mississippi  River  Commission, 

SW28  Washington  avenue, 
Saint  Louis,  November  13,  1883. 

General:  I  have  the  honor  to  submit  the  following  report  of  sarveys  and  exatnin- 
atioDs  doring  the  fiscal  year  ending  June  1^0,  1^3: 

Outfit, — During  the  year  the  fleet  was  increased  to  accommodate  three  topographical 
parties  by  the  addition  of  two  new  boats,  named  the  Illinois  and  Kentucky,  counter- 
parts, .respectively,  of  the  Mississippi  and  Louisiana. 

The  old  boat«  have  been  thoroughly  repaired,  aud  the  Pioneer  enlarged.  One  of 
the  iron  launches  was  lost  in  a  storm  at  Helena,  about  the  end  of  October.  After 
several  days'  search  by  a  snag-boat,  it  was  conceded  to  be  impossible  to  recover  it, 
and  the  attempt  was  abandoned. 

The  tug  Mignon  and  survey  boat  Missouri  were  inspected  by  Captain  Marshall 
on  February  10,  aud  his  recommendations  that  the  Missouri  and  the  hull  of  the  Mig- 
non be  abandoned,  the  machinery  of  the  latter  being  taken  out,  having  been  approved 
by  the  Chief  of  Engineers,  have  been  carried  into  effect. 

InstrumemU. — The  old  instruments  were  thoroughly  repaired,  as  noted  in  last  report. 
The  following  have  been  purchased  during  the  year:  4  transits,  3  Wye  levels,  4  sex- 
tants, 3  prismatic  compasses,  2  pedometers,  2  hand  levels. 

There  have  been  transferred  to  this  appropriation  from  that  for  the  survey  of 
Northern  and  Northwestern  Lakes:  1  chronometer,  1  iron  standard  bar,  1  standard 
Beter. 

Organization  and  methods, — The  only  change  to  be  noted  is  in  the  programme  for 
precise  leveling,  in  which  the  instructions  have  been  so  modified  as  to  require  that 
each  observer  snail  duplicate  his  own  work  in  opposite  direction,  so  as  to  form  a  loop 
beginning  and  endiug  on  the  same  bench.  In  this  connection  attention  is  invited  to 
m  Import  by  Assistant  L.  L.  Wheeler  on  cumulative  errors,  submitted  herewith. 

Progress  and  cost, — Precise  levels  were  carrie<l  from  Carroll  ton  to  the  tide  gauge  at 
Biloxi,  87  miles;  fn^m  Keokuk  to  Fulton,  171  miles;  and  from  Fulton  to  Savannah,  21 
nailes.  The  last  section  is  a  part  of  the  continuation  of  the  line  to  Chicago,  which 
has  since  been  completed. 

The  cost  of  the  work  in  the  other  sections  was  as  follows: 

Carrolltoo  to  Biloxi : 

Total  field  cost |2,778  36 

Cost  per  mile  of  duplicated  work 31  93 

Keokuk  to  Fulton : 

Total  field  cost 3,252  05 

Cost  per  mile  of  duplicated  work 19  08 

Cost  per  mile  of  river    19  02 

Average  cost  per  mile  of  duplicated  work  for  the  two  sections 2346 

The  work  on  the  Carrollton-Biloxi  section  was  undertaken  during  the  windy  season 
on  the  Gulf  coast,  and,  to  meet  this  contingency,  observing  tents  were  provided.  This 
was  their  first  use  in  our  work,  and  they  were  found  ot  such  great  advantage  that 
they  bave  been  employed  on  subsequent  work,  and  have  enabled  much  windy  weather 
to  be  utiliz€Mi. 

This  section  was  along  a  line  of  railroad,  and  a  hand-car  was  kindly  loaned  by  the 
company  for  trans|K>rtation.  It  was  found  to  so  materially  contribute  to  the  progress 
of  the  party,  that  on  subsequent  work,  lying  along  a  railway  line,  a  hand-car  was 
parchased  and  added  to  the  outfit  of  the  partv. 

The  tabolat'tMl  results  of  the  final  computation  for  the  above  lines,  and  also  for  the 
line  from  Grafton  to  Keokuk,  noted  in  the  last  annual  report,  are  herewith  snbmitr. 
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ted,  with  field  reports  by  AsHistaDte  J.  B.  JobosoD  and  J.  A.  Paige,  and  report  on  re- 
duction by  Assistunt  L.  L.  Wheeler. 

Topography  and  hydrography  was  carried  from  Arkansas  City  to  Greenville,  36  miles, 
and  from  Lake  Providence  to  Donaldson vi lie,  353  miles;  a  total  of  389  miles.  Three 
parties  were  engaged  on  this  work,  and  their  performance  maybe  summarized  as  fol- 
lows: 

First  party,  Assistant  J.  A.  Ockerson,  Arkansas  City  to  Greenville,  and  Natchez  to 
Bayou  Sara: 

Number  of  miles  of  river 136 

Number  of  square  miles  of  topography 321 

Number  of  square  miles  of  hydrograpny 75 

Total  area  surveyed  in  square  miles 396 

Total  field  cost $23,607  87 

Cost  per  mile  of  river 173  59 

Cost  per  bqnare  mile  of  survey 59  62 

Second  party,  Assistant  L.  L.  Wheeler,  Warrenton  to  Natchez: 

Number  of  miles  of  river 93 

Number  of  square  miles  of  t^ipography 217 

Number  of  square  miles  of  hydrography 63 

Total  area  surveyed  in  square  miles 2H0 

Total  field  cost |17,879  41 

Cost  per  mile  of  river 192  25 

Cost  per  square  mile  of  survey 63  66 

In  connection  with  the  work  of  this  party  the  sections  of  the  previous  survey,  from 
Malone's  to  Australia,  from  Biverton  to  head  of  Ozark  Island,  from  Bolivar  to  Cypress 
Creek,  and  from  Mound  Place  to  Arkansas  City,  were  resounded. 

The  sections  named  are  at  and  below  the  principal  crevasses  of  the  flood  of  18^. 
This  work  comprised  21  square  miles  of  hydrography,  costing  $57.65  per  square  mile. 

Third  party,  Assistant  C.  M.  Winohell,  Lake  Providence  to  Warrenton,  and 
Bayou  Sara  to  Donaldson  ville : 

Number  of  miles  of  river 160 

Number  of  square  miles  of  topography 370 

Number  of  square  miles  of  hydrography 89 

Total  area  surveyed,  square  miles 459 

Total  field  cost $23,127  fcJ5 

Cost  per  mile  of  river 144  54 

Cost  per  square  mile  of  survey 50  39 

For  the  three  parties : 

Total  area  surveyed,  square  miles 1, 136 

Cost  per  square  mile $56  93 

Field  reports  on  the  above  work  by  assistants  Ockerson,  Winchell,  Wheeler,  and 
Wood,H.  D.,  are  submitted  hetewith. 

Transalluvial  levels  were  completed  on  the  following  lines: 

No.  5.  Up  Cypress  Creek. 

No.  6.  Grand  Lake  to  Bayou  Ma^on  Hills. 

No.  7.  Lake  Providence  to  Yazoo  City. 

No.  8.  Saint  Joseph,  west  to  high  land. 

No.  9.  Fort  Adams  to  Avoyelles  Prairie,  and  thence  across  Bayou  BoBuf  and  Bed 
Biver. 

Ths  total  distance  of  164  miles  was  accomplished  in  a  season  of  174  da3'8. 

The  total  field  cost  was  $5,318.90,  giving  a  cost  per  mile  of  $32.43. 

A  report,  by  Assistant  E.  S.  Davis,  of  the  entire  work  is  submitted  herewith. 

Observations  to  determine  the  escape  of  water  from,  the  river  were  made  from  Cairo 
to  Vicksburg  at  the  top  of  the  flood  of  188^).  Below  Vicksbtirg  the  flood  was  not  of 
sufficient  magnitude  to  warrant  the  continuance  of  the  observations. 

Determination  of  high-water  marks  bave  been  continued,  aud  the  low-water  pro- 
file was  extended  from  Commerce  to  Na*chez. 

The  observation  parties  mentioned  in  last  report  as  having  begun  work  at  Padncah, 
Columbus,  Helena,  Hays'  Landing,  aud  Red  Biver  Landing,  continued  the  measure- 
ment of  sections  and  discharges  during  a  year,  at  the  expiration  of  which  they  were 
disbanded.  The  results  have  been  partially  n»dnced,  checked,  and  tabulated  in  the 
office,  and  are  herewith  submitted,  together  with  reports  of  the  chiefs  of  the  parties 
at  Padncah,  Columbus,  Hays'  Landing,  Hnd  Red  River  Lauding. 

To  ascertain  the  eftect  of  the  closure  of  Bonuet  Carr<5  crevasne,  a  hydrographic  sur- 
vey of  6  miles  in  frout  of  it  was  made  in  November,  18a2.  This  survey  is  now,  Novem- 
ber, 1883,  being  repeated. 
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A  TettoTvey  of  the  Atchafalaya  was  made  in  December,  1882,  and  Jannary,  1883.  to 
deteimine  by  comparison  with  a  previous  survey,  the  amount  of  enlargement  of  tnat 
stream. 

I  am  glad  of  another  opportunity  of  bringing  to  the  attention  of  the  committee  the 
lealooB  and  e£Bcient  services  rendered  by  the  assistant  engineers  and  other  employee 
of  the  Commission.       • 

The  permanent  force  was  somewhat  increased  during  the  year  by  the  retention  of 
the  principal  officers  of  the  third  topographical  party.  The  grade  of  work  has  been 
higher  than  we  have  heretofore  attained.  This  has  been  accompanied  bv  a  marked 
rednction  of  cost,  due  to  the  increase  of  rate.  These  gratifying  results  are  largely  due 
to  the  policy  heretofore  pursued,  of  so  arranging  the  work  m  field  and  office  as  to 
admit  of  its  being  done  by  a  comparatively  small  force,  kept  continuously  employed. 

Th«  slight  disadvantages  which  this  system  presents  are  repaid  a  hundred  fold  by 
the  personal  interest  in,  and  enthusiasm  for,  the  work  shown  by  a  verjr  large  migority 
of  those  outraged  upon  it;  without  which  the  results  sets  forth  in  this  report  would 
have  b«-en  impossible. 

A  feature  of  the  office  work  of  the  past  year  has  been  the  successful  substitution 
of  printing  from  types  for  hand-lettering  on  our  detail  sheets.  The  cost  is  very  much 
reduced,  and  the  appearance  of  the  charts  improved.  In  this  connection  theservioQfi 
of  Mr.  J.  A.  Ockerson  are  deserving  of  especial  mention. 

For  details  of  expenditures,  the  committee  is  respectfully  referred  to  the  itemized 
statement  of  expenditures  submitted  to  the  Commission. 
Very  respectfully,  your  obedient  servant, 

SMITH  S.  LEACH, 
First  Lieutenant  of  EngineerSf  Seoretarjf. 

To  General  C.  B.  Comstock, 

President  Miesiesippi  River  Commieeiony  and 

Chairman  Committee  on  Surveys  and  Examinatuma. 


APPENDIX  B, 

vwal  report  upon  a  secondary  trianoulation  of  the  mississippi  river  be- 
tween cairo,  ill.,  and  keokuk,  iowa.,  executed  under  the  orders  of  the 
mississippi  river  commission,  18h0-'dl. 

Office  Mississippi  River  Commission, 

Saint  Louis f  Mo.f  December  1,  1683. 

General:  I  have  the  honor  to  submit  herewith  a  memorandum  compiled  from  the 
records  of  this  office,  relative  to  the  secondary  triangulation  from  Cairo  to  Keokuk, 
accompanied  by  the  results  in  tabular  form,  aud  a  sketch  ot  the  system,  the  whole 
intended  to  form  a  final  report  upon  this  portion  of  the  work. 
Very  respectfully,  your  obedient  servant, 

SMITH  8.  LEACH, 
First  Lieutenant  of  EngineerSy  Secretary, 
General  C.  B.  Comstock, 

President  Missisttippi  River  Commission  and 

Chairman  of  Committee  on  Surveys  and  Examinations. 

I. — The  system  is  composed  of  146  principal  stations  and  4  auxiliary  stations,  to 
connect  the  triangulation  with  the  Chester  aud  Cape  Lncroix  bases.  Most  of  the 
stations  are  situated  on  the  bluffs  on  either  side  of  the  valley.  They  are  connected 
by  97  single  triangles,  20  quadrilaterals,  3  peutagons,  aud  1  hexagon. 

II. — The  work  depends  on  the  following  known  lines: 

1.  A  secondary  base  at  Cairo,  measured  by  a  party  of  the  United  Statos  Lake  Sur- 
vey. The  length  and  azimuth  of  this  base  and  the  geodetic  co-ordinates  of  its  ex- 
tremities were  furnished  by  the  office  of  that  survey.  Its  length  is  1,646.78  m«  ters. 
(For  description  of  this  base,  see  Report  of  Chief  of  Engineers  for  1877,  Part  II, 
page  1196.) 

2.  A  secondary  base  at  Chester.  The  length  and  azimuth  of  this  base  were  deter- 
mined by  Assistant  G.  Y.  Wisner  in  IBoO.    Its  length  is  3,255.07  meters. 

3.  The  line  Dryer-Insane  Asylum,  at  Saint  Louis.  This  line  was  furnished  by  the 
office  of  tbe  Coast  and  Oeodetic  Survey.  It  depends  for  length  and  azimuth  upon  the 
American  Bottom  base,  opposite  Saint  Louis,  and  for  geodetic  co-ordinates  of  its  ex- 
tremities, on  the  Saint  Louis  astronomical  post.  It  is  in  the  fifth  triangle  from  the 
base.     Its  length  is  13,331.3  meters. 

4.  A  secondary  base  near  Grafton,  measured  by  Assistant  Wisner  in  1881.     Ths 
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azimuth  of  a  line  near  this  base  was  determined,  but  not  with  sufficient  accuracy  to 
be  used,  except  as  a  check.    The  length  of  the  base  is  2,031.61  meters. 

5.  A  secondary  base  at  '^ Louisiana.  The  length  and  azimuth  of  this  base  were  de- 
termined by  Assistant  Wisner  in  1881.  The  base  was  connected  with  the  Louisiana 
astronomical  post.  For  description  of  this  post,  see  Report  of  Chief  of  Engineers  for 
1879,  page  1918.     The  base  is  2,705.10  meters  in  length.  • 

6.  A  secondary  base  at  Keokuk,  measured  by  Assistant  Wisner  in  1881.  The  azi- 
mnth  of  base  was  determined  by  Assistant  John  Kisenmann  in  same  year.  Its  length 
is  14^*38  meters. 

A  base  was  also  measured,  with  steel  tape,  at  Cape  Lacroix,  but  was  used  only  as 
a  check. 

III. — The  foUowinjj  instruments  were  use<i : 

Repsold  universal  instnimeut  No.  1.  Diameter  of  horizontal  limb  10  inches.*  Limb 
graduated  to  4  minutes,  reads  by  two  microscopes  t-o  2  seconds.  Angles  measured  in 
order  around  the  station,  positive  and  negative,  direct  and  reversed.  Eight  sets  were 
taken  uniformly  distributed  uver  the  limb,  giving  16  pointiugs  at  each  station. 

Troughton  &SimmsNo.  1.  Diameter  of  horizontal  limb,  10  inches.  Limb  grad- 
uated to  5  minutes,  reading  by  two  microscopes  to  one  second.  Programme  same  as 
for  Repsold. 

*  Troughton  &  Simms  No.  2  (of  the  Mississippi  River  Comuiission).     Same  as  Trough- 
ton  &,  Simms  No.  1.     Programme  same  as  for  Repsold. 

Troughton  &■  Simms  No.  2  (of  the  Lake  Survey).  Diameter  of  horizontal  limb,  12 
inches.  Limb  graduated  to  5  miautes  reading,  by  two  microscopes  to  one  second. 
Programme  same  as  for  Repsold. 

None  of  the  instruments  closed  the  horizon.  The  limit  of  closure  of  triangles  was  6 
seconds.  The  instruments  were  mounted  on  tripods  of  rough  timber,  which  were  left 
standing.  The  observer  stood  on  a  platform  disconnected  from  the  instrument  sup- 
port. 

The  stations  were  marked  by  stones  3  feet  in  length,  dressed  to  6  by  6  inches  at  one 
end,  the  balance  rough.  A  small  hole  was  drilled  in  the  top.  They  were  planted 
vertically,  the  top  projecting  but  a  tew  inches  above  ground. 

The  targets  used  in  the  triangulation  from  Cairo  to  Grafton  were  octagonal  poles 
covered  with  alternate  zones  of  black  and  white  cloth.  A  nail  in  the  bottom  was  set 
in  the  hole  in  the  top  of  the  marking  stone,  and  the  target  was  then  plumbed.  When 
the  station  was  occupied  the  target  was  removed  and  reset  before  leaving. 

For  the  greater  part  of  the  stretch  from  Grafton  to  Keokuk  the  target  used  con- 
sisted of  four  parallel  wires  fastened  at  bottom  to  a  circular  block  by  a  wire  ring,  and 
fastened  above  by  three  other  horizontal  wire  rings,  which,  with  the  block  at  bottom, 
divided  the  target  into  three  sections.  Strips  of  white  i^loth  were  fastened  to  oppo- 
site wires  of  the  first  and  third  sections,  one  strip  to  each  section,  and  at  right  angles 
to  each  other.  A  strip  of  black  cloth  was  fastened  at  an  angle  with  the  white  strips 
to  two  auxiliary  wires  attached  to  the  second  and  third  rings. 

This  target  gave  no  phase,  and  presented  an  illuminated  surface  whether  the  sun 
was  before  or  behind  it.  To  support  the  target  a  cross-piece  was  fastened  to  the  top 
of  the  platform  which  supported  the  observer,  and  above  the  observer's  head.  A  hole 
in  the  cross-piece  was  centered  over  the  hole  in  the  marking  stone.  A  nail  projecting 
from  the  block  at  bottom  of  target  was  placed  in  this  hole,  and  the  target  was  then 
plumbed  and  ^uyed  to  the  corners  of  the  platform.  The  target  was  not  disturbed 
when  the  station  was  occupied. 

IV. — For  the  preliminary  reduction  single  triangles  were  adjusted  to  closure  (quad- 
rilaterals and  pentagons  were  adjusted  to  satisfy  local  conditions),  side  and  azimuth 
equations  being  neglected.  The  lengths  and  azimuths  of  sides  were  then  computed 
for  the  stretches  given  below.    The  discrepancies  were: 


_  i  Number 

From—  To—  of 


DiAorepancies. 


trianglea.     in,ength. 


Cairo Chentcr 39  1  :     6.000 

Chester Saint  Louis i  23  '    1:100,000 

SaiotLouis j  Grafton !  35  ,    1:    30.000 

Qrafton  I  Loniaiana i  22  1:    13,000 

Louisiana Keokuk i  25  1    1  :    25,000 


lu  azimuth. 


06*.— «Mnp. 

+21.8 
+  9.3 

t  -10.2 

+  4.8 


*  Erroneously  stated  as  12  inches  in  previous  reports, 
t  Saint  Louis  to  Louisiana. 
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Th«  final  redadlion  was  made  separately  for  each  of  the  five  stretches  into  which 
the  work  was  divided  by  the  six  known  lines  before  enumerated.  It  consisted  of  a 
least  square  adjustment,  in  which  the  observed  lengths  and  azimuths  of  bases  were 
Msained  as  correct,  and  all  angles  were  given  equal  weight. 

The  conditions  to  be  satisfied  by  the  finally  adjusted  angles  were  that  all  triangles 
should  close,  and  that  the  computed  lengths  and  azimuths  of  bases  should  agree  with 
their  measured  lengths  and  azimuths.  The  geodetic  co-ordinates  were  then  computed, 
sU  latitudes  and  longitudes  being  referred  to  the  Cairo  astronomical  post. 

The  final  discrepancies  between  the  observed  values  of  latitudes,  longitudes,  and 
aiimnths  and  the  corresponding  values  as  computed  from  Cairo,  are  as  foUows : 


Latitude.     |   Longitude.        Azimuth. 


ClMtter 
BalBt  Louis. 
LouitiAiiA  .. 
Keokuk... 


Obt.—eomp. 

It 

•+6. 13 
44.77 
+J.56 


Obi.  --eomp.     Obs."~€otnp. 

-0.12 
+0.17 
+0.04 
-0.02 


-2.90 
-L09 


*  Latitude  at  Chester  only  approximate. 

A  special  report  on  the  least  square  adjustment  of  the  stretch  from  Cairo  to  Grafton, 
nepsfed  by  Assistant  Q.  Y.  Wisuer,  who  made  the  computation,  may  be  found  in  the 
keport  of  the  Missiasippi  River  Commission  for  1882,  page  62. 

Tahulaied  results  of  secondary  triangulation  from  Cairo  to  Keokuk. 


Ke. 


Stations. 


1  '  South 

2  North 

3  Bowles 


2     North  BaM. 

S     Bowles 

4     Taylor 


3  Bowles. 

4  [  Taylor  . 
§  '  Nimbus 


4 
6 

T 


6 
7 
8 


7 
8 

t 


Observed 
angles. 


O        I  II 

108  19  51. 58 

38  25  19.24 
33  14  50.  76 

01.58 

71  57  02.80 
68  18  08. 10 

39  44  55.05 

05.75 

26  08  27.60 

68  01  27. 70 

84  55  08.64 

03.94 

89  57  49. 24 

52  40  08. 50 

37  21  50. 04 

56.78 

87  20  03. 76 

63  15  12. 28 

79  24  49. 15 

05.19 


Dickev I  84  45  43.33 

Bowse '  61]6  5.^57 

Murray ;  33  67  20.12 

I  59.02 

Bowse ,  83  24  07.12 

Murray 06  09  12.54 

MisMuriSister 60  26  40.00 

50.66 


4  I  Taylor . 
6  Nimbus 
•  !  Dickey . 


Taylor  . 
Dickey. 
Bowse  . 


8  Murray I    85  17  40.47 

9  1  Missouri  Sister 116  21  83.05 

10     SpieM's  Mill <    28  20  44.54 

58.06 


9 

10 

11 


Missouri  Sister. 
SpieM'sMill... 
Seodder 


10  Spiese'sMill... 

11  I  Scudder 

12  Promised  Land. 


57  65  51. 09 
68  25  11.05 
53  38  52. 82 

54.96 

58  17  21. 17 
91  86  10. 07 
80  06  33.02 

04.26 


^^X^i^*--«>- 


50.75 
19.71 
49.55 
00.01 

01.83 
04.66 
54.04 
00.03 

24.93 
25.54 
09.55 
00.02 

49.62 
09.45 
60.94 
00.01 

01.30 
11.24 
47.47 
00.01 

43.71 
55.08 
21.22 
00.01 

06.37 
13.43 
40.21 
00.01 

40.71 
33.02 
46.27 
00.00 

62.17 
13.33 
54.51 
00.01 

20.01 
0&19 
3L88 
00.02 


Meter§. 
1,646.78 
2,851.28 
1,866.65 


2, 851. 28 
4, 230. 74 
4. 143. 21 


4,230.74 
1, 860. 71 
3, 974. 38 


1. 869. 71 
3.080.67 
2,449.50 


Azimuth. 


172  32  07. 19 

30  57  21.  60 

244  11  35. 51 


80  57  21. 09 
142  38  41. 30 
282  52  44.  56 


142  38  41.80 
253  36  13. 06 
348  41  47. 25 


253  36  13.  06 
126  17  06. 25 
343  38  06. 61 


Latitude.    ^  Longitude. 


87  01  28.97 
37  02  21. 94 
37  01  02. 61 


37  02  51. 93 


37  03  09.04 


2.449.59  163  38  23.44 
1,  51L  30  I  46  53  17. 85 
2, 225. 37  I  306  17  3a  40  I    37  03  84. 67 


37  04  0&  17 


89  11  23. 19 
89  11  31.84 
88  12  31. 18 


88  14  15. 28 


89  13  02.69 


89  14  43. 21 


89  15  27. 87 


1. 511. 30 
2,604.42 
2,372.91 


46  53  17. 85  , 
165  35  55.  85  I 
311  38  18.28 


2, 604. 42  I  165  35  55. 85 
1.705.18  71  44  52.92 
3,  090. 50  312  10  58. 60 


1.706.18 
2. 075. 03 
3, 217.  98 


87  04  60.32 

89  15  55.00 

87  04  4L  99 

89  17  00.66 

2,  075. 03 
2, 183. 28 
2,  395.  83 


2, 183. 28 
3,702.50 
4,350.55 


71  44  52. 92 

135  22  40. 37 

::::: 

287  01  18.  52 
135  22  40. 37 

37  05  29. 90 

89  17  60.68 

23  47  18. 12 

257  25  51. 13 
23  47  18. 12 

87  04  25.09 

89  18  85.28 

112  10  48.43 

262  02  52. 91 

37  05  10. 41 

89  20  54.06 

40 
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Tahnlated  reiuUt  of  Hcondary  trianffulatUm  from  Cairo  to  Keokuk — Continued. 


No. 


10 
12 
18 


12 
18 
14 


13 
U 
15 


18 
16 
16 


16 
16 
17 


16 
17 
18 


17 
18 
19 


18 
19 
20 


10 
20 
21 


22 
24 
24' 


24 

24' 
24" 


23 
24 
25 


84 

25 
36 


Statioiw. 


Spiese'sMUl... 
Promised  Land. 
Atherton 


Promised  Land. 

Atherton 

Qoose  Island . . . 


Atherton 

Goose  Island . . 
Powers  Island. 


Atherton 

Powers  Island. 
Bnmham 


Powers  Island 

Bamhsm 

Commeroe  .... 


Bamham  • 
Commerce. 
Santa  F6.. 


Commerce 
Santa  F6 . . 
Holder 


Santa  F6 
Hofner . . . 


Hofher 

Lassar 
Uncle  Joe. 


20  !  Lassar  — 

21  '  Uncle  Joe 

22  i  Thebes.... 


21  Uncle  Joe . . . 

22  Thebes 

23  Grand  Chain 


22     Thebes 

28     Grand  Chain 
24     Day 


Thebes 

Day 

South  Base. 


Day 

South  Base. 
North  Base. 


Grand  Chain 
Day 


Observed 
angles. 


CapeLacroix I    46  11 


o     I      t' 

84  85  25. 66 

115  14  33. 02 

30  00  59. 13 

58.71 

42  27  04.71 

89  83  28.85 

97  40  24. 41 

57.47 

84  57  52.40 

42  50  35.04 
52  11  31.22 

58.66 

36  08  01. 16 

86  28  50. 35 

57  28  07. 66 

59.17 

55  54  43. 28 

82  06  10. 50 
41  50  05. 80 

50.08 

67  08  44.96 

67  08  19. 64 

45  42  51. 78 

56.38 

43  31  21.05 
70  07  32. 83 
66  21  06. 20 

00.08 

57  36  48. 20 

56  41  32.  73 

65  41  80. 04 

59.97 

58  12  37.  53 

83  40  18.  54 
38  07  01. 33 

57.40 

33  42  06. 83 

70  55  14. 77 

75  22  30. 61 

01.21 

59  00  28. 69 

72  33  I&  03 
48  17  10.61 

58.23 

61  30  41. 12 

73  28  01.  25 
45  01  14. 45 

56.82 

28  00  43.  49 

75  06  60.  28 

76  43  IH.  12 

01.89 

5»  51  29.  88 
54  16  54.  38 

66  51  36.  26 

00.52 

36  22  39.32 
97  25  38. 45 
30.71 
57.48 


Day I    584003.66 

CapeLacroix '    62  40  4.^.80 

Sexton's I    58  39  07.10 

56.56 


A4Jnst'd 
angles. 


It 

26.71 
38.71 
60.63 
00.05 

04  94 
30.01 
25.08 
00.08 

53.52 
34.73 
3L77 
00.02 

01.24 
50  12 
0a65 
00.01 

42.91 
11.35 
05.75 
00.01 


20.38 
33.52 
06.17 
00.02 

48.26 
82.16 
89.59 
00.01 

37.72 
19.91 
02.39 
00.02 

06.24 
13.95 
39.82 
00.01 

28.66 
20.10 
11.25 
00.01 

42.17 
01.63 
16.21 
00.01 

42.86 
59.  65 
17.49 
00.00 

29.71 
54.20 
36.09 
00.00 

39.30 
39.97 
40. 74 
00.01 

03.26 
47.41 
09.33 
00.00 


Distance. 


M«ttr§. 
4.  :i50.  55 
4,914.90 
7, 830. 76 


4, 914. 90 
3.847.86 
3, 179. 49 


3,347.86 
4.220.43 
2,880.98 


2,880.08 
2, 010. 06 
3.410.67 


2, 010. 06 
2,488.67 
2, 977. 70 


46. 20  2, 489. 67 
20. 15  {  3, 204.  80 
53.67  3,204.63 
00.02 


3,204.80 
2,400.26 
3.290.22 


2. 409. 26 
2,232.38 
2,  200. 33 


2, 232.  38 
3, 074.  00 


Aaimnth. 


// 


82  04  38. 13 
146  48  18.  20 
206  87  12.  82 


146  48  19. 20 

6  39  43. 46 

284  19  59. 04 


6  39  43. 46 
143  48  59.  23 
271  36  26. 67 


91  37  86. 98 
185  07  86. 45 
307  39  32. 19 


185  07  36.45 

87  13  52. 19 

800  11  57. 11 


87  13  52. 10 
200  04  31. 20 
334  22  04. 47 


200  04  81. 20 

00  12  31.  65 

336  32  88.88 


90  12  31. 65 
21.1  30  00. 50 
327  48  51. 09 


213  30  00.  50 
117  10  50,59 


3.  594. 48  i  335  16  45.  95 


.3, 074. 00 
1, 762. 76 
3. 002. 37 


J.  762. 76 
2,  027. 48 
2. 252. 82 


2. 027. 48 
2,  519. 18 
2, 747. 74 


2, 747.  74 
1,  332.  46 
2, 72a  50 


1.332.46 
1,  240. 22 
1, 176. 47 


2.  518. 18 
2.  070.  31 
3. 461. 35 


2,070.31 
2,  070. 64 
2, 163. 77 


117  10  50.  59 
226  14  29.61 
330  52  21.  01 


226  14  29. 61 
118  48  20.93 
347  04  48.  6U 


118  48  20.  93 

225  19  .35.71 

00  19  03. 47 


180  19  03. 10 

75  26  03. 12 

332  08  48.  96 


75  26  03. 12 
2'>1  08  :t7.  27 
314  17  15. 39 


225  19  3,5.71 

142  45  59. 6.> 

8  57  09.63 


142  45  59. 65 

260  04  41.47 

21  26  22. 24 


Latitude. 


O      I       II 


87  07  23.82 


37  05  85.06 


3^  07  20.46 


37  08  31. 43 


37  08  27. 62 


37  10  05. 16 


87  10  05. 44 


37  11  05.83 


Longitude. 


o    t    m 


80  23  4116 


80  23  5&7i 


80  24  89.71 


80  24  8ia 


80  26  18.18 


89  25  38.M 


80  27  06.38 


80  26  16.80 


37  11  51. 36  I    88  28  07. 18 


37  12  30. 01 

89  27  15.16 

37  13  02. 50 

89  28  27. 61 

37  14  00. 04 

80  27  14  06 

37  13  40. 17 

89  28  07.36 

37  14  26. 69 

80  27  40. 10 

*  37*14  63.51 

80  28  06.76 
.....i. ...... 

**37"i505.07 

'88*36  42. 80 
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Tmbulated  mult»  of  seoondary  iriangulaUon /ram  Cairo  to  Keokuk — Continaed. 


Va 

SUttou. 

Observed 
angles. 

AcUost'd 
angles. 

Distance. 

Aslmuth. 

Latitude. 

Longitude. 

25 

Cape  Laeroiz 

S«>xUm*6 

83  07  19.71 

86  04  IK.  03 
10  48  24. 28 

02.02 

46  56  12. 61 

66  08  64. 01 

67  64  66.38 

U3.00 

46  41  44.83 
95  52  65.  53 

87  25  22.20 

02.06 

45  36  26.92 
85  49  16.  72 

48  34  15. 11 

5a  75 

88  68  65.32 

89  10  21.69 
61  50  39. 49 

66.60 

42  46  36. 39 

82  26  6R.  37 

64  46  22.35 

67.11 

49  40  11.50 
102  12  07. 34 

38  07  41.20 
00.04 

49  50  51. 61 

65  87  47. 49 

74  31  25. 60 

04.70 

107  18  01.20 

38  22  00.69 

34  19  50. 18 

58.07 

85  09  37.54 
65  21  l.'>.  42 

79  29  03.  67 

56.63 

75  43  59. 24 

64  17  47.80 
49  58  11.70 

68.74 

83  11  18.03 

65  49  39.  68 
30  69  00. 62 

58  33 

29  46  57. 20 
69  23  07.65 

80  49  57. 19 

02.  04 

4 

T2  28  46. 17 

6H  39  58.  40 

38  51  11.69 

56.26 

87  54  52. 30 

49  42  14. 13 

92  22  45  92 

5*2.35 

86  32  10. 16 

50  10  06.  08 

93  08  39. 19 

65.43 

18.71 

MfUrt. 

2, 070. 64 
10, 963.  46 
11.016.98 

10.963.46 

8. 644. 05 

10, 735. 88 

8.644.05 
10. 351.  34 
14. 149. 53 

10.35L84 

9.  866. 18 

13, 769. 21 

9.865.18 

7.892.25 

12, 544. 38 

7.892.25 

O      '           /' 

260  04  41. 47 
166  00  46. 26 
356  57  08. 36 

166  09  46. 26 

280  69  4a  75 

33  U8  21. 30 

280  69  4a  75 

196  53  13. 28 

64  22  49. 66 

196  56  13. 28 
102  46  45. 68 
331  17  03. 42 

102  46  45.68 

103  32  25. 81 
321  42  29. 64 

193  32  25. 81 

96  00  11. 14 

330  43  62.76 

96  00  11. 14 
173  45  22.  T2 
325  37  11. 79 

173  45  22.72 

296  07  08.58 

43  38  48. 47 

298  07  Oa  68 
156  .32  20. 83 

10  49  50. 45 

156  32  20. 83 

271  08  43.  28 

li  43  05.  99 

271  08  43. 28 

145  29  69. 70 

15  25  42.  99 

195  24  44. 19 

81  15  2:^25 

292  07  23. 96 

81  15  23. 25 
191  45  14.79 
290  56  02.  60 

191  45  14.79 
80  25  59.  04 

299  U  4a  38 

80  25  59.  04 
210  38  17.  88 
298  17  11.  91 

210  38  17.  88 

340  20  .'^4.  90 

67  12  55. 46 

Of          " 

Of          It 

w 

14.68 
26.66 
00.05 

10.74 
52.96 
56.62 
00.22 

42.94 

56.47 
21.82 
00.23 

26.69 
17.85 
15. 72 
00.26 

56.86 
22.89 
4L45 
00.20 

36.66 

Floral 

Sexton's 

37  20  60.38 

88  28  29.  tt 

n 

Floral 

Clear  Creek 

Floral 

87  19  66. 76 

88  IQ  44. 84 

28 

Clear  Creek 

29 

Bloir  Lake 

37  25  17. 94 

88  20  42.20 

n 

Clear  Creek 

Bluff  Lake 

29 

80 

29 

lioocaain  Springs . . . 
Bluff  Lake 

37  28  28.64 

89  37  13.ff 

80 

H occaaln  Sprinn  . . . 

Rich :......... 

31 

37  30  37. 42 

88  26  6a  8t 

80 

lioccaain  Springe  . . . 
Rich 

11 

60.1.5  1  ft.  561.  56 

n 
11 

Indian  Creek 

Rich 

23.42 
00.13 

11.31 
06.61 
42.25 
00.17 

50.11 
45.46 
24.62 
00.19 

0L48 
07.74 
50.97 
00  19 

38.60 
16.20 
05.47 
00.27 

59.09 
48.24 
12.85 
00.18 

17.47 
40.26 
02. 62 
00.35 

57.79 
06.55 
56  01 
00.35 

47.92 
60.42 
11.92 
00.26 

52.99 

18.68 
4S.63 
00.20 

14.62 

9, 577. 75 

6,  561. 66 
10. 609.  97 
13, 603.  45 

10. 609.  97 
8. 414.  61 
9.086.99 

8, 414. 61 

14. 245. 30 

9.261  35 

14, 246.  30 

8.  343. 58 

13.  168. 78 

8,343.58 

10, 5(i0. 46 

8,848  50 

8.848.60 
17. 066.  90 
15.  681. 23 

17.066.99 

8,  5^7.  07 
16, 180. 86 

a,  .'»87.  07 
13.053.34 
12, 750. 39 

13, 053. 34 
8, 028. 04 

9,  962. 43 

8. 028. 04 

37  30  60. 60 

88  30  24.  Ot 

n 

Indian  Creek 

Silica 

n 

37  36  41. 72 

89  81  11. 11 

n 

1  ^"''^^ 

Indian  Creek 

Silica 

n 

14 

Big  Muddy 

Silica 

87  34  32.97 

88  26  oa  07 

84 

Bi|;  Muddy 

86 

M 

Fountain  Bluff 

BigMnddv 

37  41  36.77 

89  80  00. 16 

85 

Fountain  Bluff 

Swallow  Rook 

Fountain  Bluff 

Swallow  Rock 

Worthen . 

Fountain  Bluff 

Worthen 

36 

37  41  31. 23 

89  24  19. 07 

88 

17 
35 

37  46  13.45 

89  28  24.07 

37 

37  44  48. 74 

18 

Backbone  

89  39  5a  00 

17 

Worthen 

88 

Bacikbone 

9 

OHarrah  

37  49  21. 42 

89  38  41  5T 

38 

Barkb  tne 

89 

O'Harrah 

49 

39 

Killion 

0*Harrah 

37  48  10. 73 

89  47  27. 73 

40 

Killion 

"37*61  54.74' 

41 

V^^i^keai 

89  44  40. 85 

49 

Killion 

llanskear 

41 

05.  64     4. 7H6.  68 
39.82     6,187.72 
00.08 

..  .  •  • 

37  49  2a  52 

41' 

Lower  Baae ......... 

......   ...   .. 

89  43  34.  8t 

42 
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Tabulated  reaulta  of  secondary  triangulaUon  from  Cairo  to  Keokuk — Con  tinned. 


Ka. 


40 
41' 
41" 


40 
41 
42 


40 
42 
48 


42 
43 
44 


43 
44 
45 


44 

45 
46 


44 

40 

47 


46 
47 
48 


47 
48 
49 


47 
49 
60 


49 
50 
51 


50 
51 
(2 


51 
52 
63 


52 
53 
64 


53 
54 

55 


54 
55 
66 


Stationa. 


KillioD  .... 
Lower  Base 
Upptjr  Baae 


ObHerred 
angles. 


o      t       tt 

31  27  43.  01 

65  42  35.  84 

82  49  87. 48 

56.33 


KillioD 40  08  30.09 

Hanskear I  94  20  30.40 

Cheater {  45  3103.67 

I  04. 16 

EillioD 48  4153.50 

Chester 74  08  16.48 

Sozier I  57  09  47.76 

t  57.83 

Chester 29  49  27.47 

Kozier !  114  20  18.69 

Vanse |  35  50  10.80 

{  56.96 

Rosier 53  15  22.23 


Vanse 

Kaakaskia 


Vanse 

Kaskaskia 
Reagan  ... 


Vanse. . 

Keagan 

CorreU. 


Reagan  

CorreU 

Brewerrille 


CorreU 

BrewervUle 
Magnolia... 


CorreU 

Magnolia  — 
Coonty  Line 


MagnoUa.... 
County  Line 
Brickey 


Welsenbom. 
Herculanenm 
Salt  Bluff 


61  59  42.  94 
55  46  00.  56 

62  14  17.00 

00.50 


^«^^^  Distance,  i     Asimath. 
angles. 


78  03  51. 68  ' 

48  40  47. 14  ! 

01.05 

50  42  30. 88 

83  48  33. 79 

45  28  51. 24 

55.91 

39  27  22.73 
73  38  02.  33 

66  54  3&  04 

03.10 

44  46  36. 92 

54  11  06.  79 

81  02  18.  72 

57.43 

73  19  06.  22 
57  17  38. 95 

49  23  12. 47 

57.64 

35  25  13. 94 

112  52  41.02 

31  42  03.  69 

58.65 

67  09  09.  98 
56  24  08.  98 
56  26  42. 32 

a.  28 


County  Line 58  41  09. 09 

Briokey 72  16  13.48 

Kidd 49  02  3&69 

•1. 26 

Briokey ;    43  00  37.90 

Kidd 8149  55.06 

CsBsar's 55  09  25.90 

58  86 

Kidd   65  19  59.21 

CflBsar's 62  59  02.25 

Weisenbom 514102.16 

03.62 

Caesar's 46  32  53.42 

Weisenbom 83  16  02. 46 

Hercuianenm 50  10  59. 87 

I  55.75 


It 

44.26 
36.41 
39.38 
00.  U5 

28.82 
28.53 
03.30 
00.15 

55.01 
16.32 
48.94 
00.27 

2a  75 
19.37 
12.08 
00.20 


MeUrt. 
6. 187. 72 
3,  255. 07 
5,684.44 


8,  024. 04 

7,253.98 

11,219.89 


111.219  89 
10.031.77 
12.845.01 


10. 03L  77 

8,  521. 73 

15,611.56 


22. 14  8. 521. 73 

51.00  9.092.33 

47.05  11,101.40 
00.19 


31.92 
35.43 
52.88 
00.23 

21.69 
01.78 
36.90 
00.27 

38.01 
07.29 
14.81 
00.11 


9, 092. 33 

9.869.12 

12,677.47 


12,677.47 

8,757.93 

13,  223. 07 


8. 757.  93 
6. 244.  91 
7, 189. 71 


06.65  6.244.91 
39.97  7,880.26 
13.49  I  6,922.23 
00.11  I 

14.64  !  6,922.23 
41.  lu  7,634.70 
04.38  12,136.64 
00.12 


09.40 
09.01 
4L73 
00.14 


7. 684.  70 
8,442.63 
7.630.95 


08.79  8,442.63 

12.34  9,550.64 

89.06  10,648.12 
00.19 

37.55  9,550.64 

66.  27  7, 937.  86 

26.37  11,618.81 
00.19 


58.27 
00.69 
01.  20 
00.16 


7, 937.  86 

if  I    I  VO«  off 

9, 013. 07 


54. 70  9. 193.  88 
04. 36  I  8,  689. 44 
61.14  '11,887.10 
00.20 

43.04  I  8,689.44 
00.03  8,669.98 
17.09  I  8,118.54 
00.16  , 


n 


247  10  32. 49 

132  65  3L  86 

35  44  11.45 


210  38  17. 88 
125  00  29.  07 
350  29  03.08 


170  29  49. 56 

64  37  19. 35 

301  43  20.  60 


64  37  19. 35 
130  13  12. 29 
274  20  16.62 


180  13  12.29 

232  06  37.  69 

3  28  51. 37 


282  06  37.69 

135  58  13.  85 

1  24  13.  60 


181  24  05. 78 

75  02  15.  38 

321  53  18.67 


75  02  15.  38 
200  47  34. 48 
299  46  15. 70 


200  47  34. 48 

78  06  10. 47 

307  26  09. 04 


127  28  27. 83 
1M4  33  27.94 
342  52  12. 14 


194  33  27. 94 

70  58  25.  53 

307  21  45. 18 


70  58  25. 53 
178  38  51. 10 
309  36  06.  32 


178  88  5L  10 
80  28  41.65 


"'87*61  50.08 

"89'54'54.'85 

37  54  4&  48 

89  59  20.78 

37  57  49.43   88  54  26.77 


88  01  89. 48 


38  00  26.00 


88  03  85.85 


88  59  08. 01 
0 


90  04  54.81 


90  08  23.89 


315  34  49. 31 
80  28  41. 65 

88  09  89. 78 

90  18  19.70 

197  26  22.25 

325  46  31. 12 

38.' i4  24.24 

90*  16  26.' 46 

197  26  22. 25 
100  43  36.  68 
330  51  00.44 


100  43  86. 68 
224  53  59.  27 
842  42  18. 24 


38  15  16. 55   90  22  17. 64 


88  18  35. 65   90  18  05. 66 
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Tabulated  retulU  tf  aeeotidary  triangulation  frmn  Cairo  to  Keokuk — Continnod. 


Vo. 


55 
56 

57 


56 

57 
58 


SUtkNM. 


Observed 

angles. 


Hercalaneum  ... 

SMltBlaff 

Sulphur  Springs 


Salt  Bluff 

Sulphur  Sprinirs. 
MArmoiec 


I 


Si  Salt  Bloir. 
56  If  trainee . 
59     Bocan 


56  ,  Iferamec 

SO  !  Bocan 

'60    Gnmmarahimer 


60    Gnmmerahimer 

62  j  Dryer 

63  '  Forder 


62 
63 


Dryer . 
Folder 


64  I  Insane  Asylum. 


62     Dryer 

64  ,  Insane  Asylum . 

65  :  Clark's  Mound  . 


Insane  Asylum. 
>  Clark's  Mound  . 
1  Stand  Pipe 


65  !  Clark's  Mound 

66  ;  Stand  Pipe.... 

67  .  Sugar  Loaf 


67 


SUnd  Pipe . 
Sugar  Loaf. 
Robinson... 


ftDgies. 


47  20  16. 23  I 

62  24  32.  64  i 

70  15  09.  91  I 

58.78  I 

61  00  22. 41 

81  19  49. 20 

S7  39  43.94 

55.55 

89  36  46.72 

43  83  15. 78 

96  49  6U.  52 

03.02 


I 


50  52  43. 98 

78  36  80.  82 

50  30  45.  56 

00.31 


SO     Bocan ;    4107  51.06 

60  Gummemhimer 90  22  19  62  I 

61<TwiaHoUow 48  29  47.63 

58.31  I 

66  ,  Gommerehimer I    83  55  90. 62 

61  I  Twin  Hollow... 57  48  55.88, 

62  Dryer 88  15  02.50  1 

58.00  ' 


49  12  45. 46 

79  24  46.99 

51  22  26. 24 

58.60 

51  05  01. 70 

90  46  60.43 

38  07  58.81 

00.94 

84  08  52. 91 

49  47  OK.  37 

46  08  56.66 

57.94 

68  44  17.  72 

31  29  45.00 

89  45  67. 62 

00.34 

71  47  17.96 
61  12  27.  59 

67  00  12.  78 

58.33 

68  80  00. 14 
83  08  36.94  , 
78  21  ra.  07  I 

01.15 


Stand  Pipe 35  00  67.67 

Robinson 48  26  12.64 


6i  '  Soeebtig 


1*  • 


TO 
Tl 


70 
71 
12 


Robinson. 
Soechtig  . 
PettingiU 


Robinson. 
Pettingill 
Terrapin . 


Pettingill 
Terrapin  . 
Moove .... 


16.48 
38.50 
10.15 
00.13 


Meteri. 
8,669.98 
6, 773. 94 
8. 164. 13 


24.50  ;  6,773.94 
61.  50  I  9, 697. 15 
44.07  10,959.89 
OU.  16 

46.92  10,9.^9.89 

14. 73  7. 037.  96 

59.  49  7, 605. 82 
00.14 


43.67 
31.15 
45.30 
00.12 


7, 037.  96 
7, 074. 89 
8. 939.  68 


51.46  7.074.89 
20.62  I  6,213.95 
4&03  j  9,446.62 
00.11  ! 

60.73  6,213.95 
56.39  9.980.80 
03.01  ;  8,494.69 
00.  13 


45.76  8,404.69 
47.88  I  8.232.67 
26.53  110.688.27 
00.17  I 

01.86  I  8,232.67 
59.99  110.373.58 
58.37  13,331.28 
00.22  I 

63.78  13,331.28 
09. 19  18.  387  10 
57.66  14,116.73 
00.47  j 

17.70  18,887. 10 
4&03  15.717.51 
57. 65  I  9, 606i  16 
00.38 


ia5i 

28.44 
13.60 
00.55 

08.15 
36.81 
15.46 
00.42 

57.38 
12.96 


96  21*60.56 
00.77 

60.37 
00.11 

73  34  35.64 

38  11  65.90 

68  13  24. 96 

65.82 

96.97 
65.6:) 
26.45 
00.05 

83  07  61.71  I  51.80 

107  58  36.98  36.91 

88  63  81. 69  32.  02 

59.  38  00. 03 

40  06  31. 22  I  82. 68 

88  23  24.  31  25. 86 

61  29  59.86  61.48 

55. 39  00.  02 


15, 717. 61 
17. 801. 48 
14,606.56 


17, 801.  48 

16,911.19 

9, 937. 31 


9. 937. 31 
5,758.84 
7,485.29 


5,75&84 
5,  948  35 
3,834.90 


3,834.90 
8.  33&  31 
5. 809. 73 


3. 338. 31 
2.  748.  09 
4,263.92 


Azimuth. 


Latitude. 


Longitude. 


o     / 


// 


224  63  59  27 
107  21  Oi:  83 
357  33  83. 03 


107  21  08. 83 
205  5e  32. 28 
348  20  36.86 


168  11  83. 42 

304  47  22. 13 

27  59  60.60 


o  ' 


// 


38  19  41.09 


38  24  23. 78 


o  / 


// 


90  22  8L  84 


90  19  38. 7» 


38  23  13. 48 


90  16  8a  6» 


304  47  22. 13 

1 

203  26  21. 14 

73  58  18. 61 

88  26  43. 98 

90  18  4aeT 

203  26  21. 14 

113  49  5.3.82 

342  17  16. 12 

88  27  06. 86 

90  17  87.0» 

113  49  63.82 

■ 

235  58  31. 70 

1 

17  47  01.  00 

38  30  06.33 

1    90  11  6a  7t 

1 

197  45  54.  56 

1 
t 

97  U  48.  97 
328  30  45. 61 

38  30  39.64 

90  17 '32.* » 

97  11  48.97 

186  21  19.00 

328  13  60. 90 

88  36  13. 99 

90  i6  4a  8T 

• 

148  16  50. 88 

278  26  41. 11 

62  25  32.26 

88  84  4&  76 

90  04  la  tr 

278  26  41. 11 

130  04  14.84 

39  46  01.  92 

38  40  la  60 

90  12  31. 51 

180  04  14.  84 

258  46  85.  83 
21  63  63.  89 

"38  42  06.' 83" 

00  66'2a'9i 

258  46  86.  83 

112  02  44.  30 

10  17  13.69 

38  46  80.68 

90  n  la  i> 

190  16  27.  68 

321  49  01.  23 

45  28  43. 07 

38  43  0a85 

90  08  60.74 

321  49  01. 23 

180  02  30.  08 

"88  46  la  76 

68  15  56. 64 

90  08  60. 5» 

248  14  24. 26 

1 

1 

176  14  32.  85 

35  07  59. 19 
176  14  32.  85 

88  48  04. 79 

i 

90  08  59. 6> 

267  51  01.  81 

36  22  11. 14 

38  48  Oa  12  ; 

90  07  oatt 

44 
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Tabulated  retnttt  of  teoandarif  Irian ffufation  from  Cairo  to  Keokuk — Continned. 


Vo. 

Stetiona. 

Obaerred 

anglea. 

Ai^nat'd 
angles. 

Diatanca 

Aaimnth. 

Latttnda. 

Longltoda 

Tl 

Teirapiii 

Of          II 

80  24  68. 64 

45  18  14. 17 
104  16  47.  M 

00.85 

68  20  87.60 

86  14  42. 46 

80  15  42. 05 

02.11 

87  82  88  94 
104  29  09. 23 

87  68  11.71 
69.88 

82  00  67. 88 

65  84  18  65 
82  24  41.  55 

58.08 

111  01  06.72 

86  48  03.  92 

82  10  47. 67 

58.31 

87  04  16. 14 

111  41  31.95 

81  14  09.32 

57.41 

68  13  15. 81 

72  01  60.25 

49  44  45. 76 

01.32 

48  05  80. 53 

97  14  58.  68 

84  89  34.  78 

03.99 

87  16  43. 81 

82  10  49.  50 

60  82  27.  70 

01.01 

72  15  44. 93 

61  22  25  59 

46  21  48.  51 

59  03 

80  10  34.  97 

66  47  50. 15 

83  01  31.69 

56.81 

84  06  46. 40 

112  32  09.  62 

83  21  04.  8.~i 

00.87 

20  31  16.  35 

111  25  50.62 

39  02  52.  32 

59.29 

36  39  16.  09 

100  07  57.  97 

43  02  46.  33 

0U.39 

63  11  .13.17 
80  17  47.  36 
36  30  38.  33 

58.86 

47  86  04.  34 
56  43  03.61 
75  40  58.  03 

05.98 

It 

58.44 
14.11 
47.46 
00.01 

86.82 
41  73 
41  46 
00.01 

8&88 
09.27 
11.87 
00.02 

68.43 
19.34 
42.24 
00.01 

07.26 
04.61 

4a  14 

00.01 

16  83 
32. 49 
10.69 
00.01 

14.81 
50.82 
45.38 
00.01 

29.11 
57.34 
33.56 
00.01 

43.39 
49.18 
27.44 
00.01 

45.25 
25.85 
48.91 
00.01 

35.04 
51.  25 
32  82 
00.01 

44.83 
U9. 18 
05.99 
00.  OU 

15  08 
52. 13 

52.80 
00.01 

15.86 
57.  H4 
46  30 
00.00 

33.  85 
47.02 
39.14 
00.01 

01.50 
U3.06 
5.5.44 
00.00 

MeUrt. 
2,748.09 
1, 43.\  66 
2, 015. 76 

1,486.66 
2, 549. 36 
2,842.70 

2,549.86 
2, 525. 02 
4.  Oil.  91 

2,525.02 
1.330.49 
2. 819. 29 

1.  SM.  49 
2, 367.  02 

1,  519. 01 

1, 619. 01 
1, 765.  77 
2, 721. 80 

1.766.77 
1.966.83 

2,  200.  86 

1,966.83 
2,  573.  85 
3,430.84 

2,573.85 
1, 790.  45 
2, 928.  55 

1, 790. 45 
2,  356.  31 
2, 171.  51 

2. 171. 51 
1.U99.69 
2,  010.  75 

1.099.69 
1,121.77 

O     '        ** 

267  61  01. 81 

183  10  26. 73 

67  26  46.99 

183  10  26. 73 

226  55  17. 81 

16  40  24. 74 

226  65  17. 81 

151  25  15.47 

9  22  65.02 

161  25  16.47 

265  50  24. 72 
3  26  17. 62 

266  50  24.72 
122  39  04.86 
334  49  00. 65 

154  49  17.46 

86  30  33. 14 

297  43  57.  97 

86  30  88. 14 
194  27  47. 46 
324  43  14. 86 

194  27  47.46 
111  42  57.58 
326  21  28  88 

111  42  57.58 

13  52  44.  50 

254  25  00. 76 

13  52  44. 50 
132  30  07.46 
266  07  33. 32 

86  08  29. 75 
199  19  42.07 
296  18  18.73 

199  19  42. 07 
131  HI  (H>  73 

Of         » 

Of       m 

72 

Moore 

88*48  89*07 

78 
72 

KlMonrl  Rirer 

Moore 

90  07  48.11 

78 

MisMuriRiyer  .... 
Gillan 

74 

88  49  86.43 

06  06  82.08 

78 

Ifisaonri  Biyer 

Gillan 

74 

76 

Shirley 

38  60  48.33 

90  07  2111 

74 

Gillan 

76 

Shirley 

76 

Gealer 

88  50  6L  61 

90  06  MwS 

76 

Shirley 

Gealer 

76 

77 
75 

Ringering 

Shirley 

88  51  32. 91 

90  07  4a91 

77 
78 

77 

Kingering 

Freeman 

Rinserinff 

38  5i '29.42 

'oooi'dioi 

78 

Freeman 

79 

78 

Ruaaell 

Freeman 

88  52  81. 18 

90  08  4L  68 

« 

79 

RuHaell  

40 
79 

Glaaa  Worka 

• 

Ruaaell 

88  63  02.06 

90  10  20. 84 

40 

Glaaa  Worka 

Watkina 

SI 

38  62  05. 69 

00  10  88.66 

m 

Glaaa  Worka 

Watkina 

Stronir 

SI 
S2 

'  88  52 '57* 31* 

90  ii  50.78 

80 

Glaaa  Worka 

Strone 

8? 

63 

Alton 

38  53  30. 96 

90  11  66.81 

82 

Strons 

83 
84 

Alton 

"88' 63*55. 24 

Saw  Mill 

1,  847.  50     345  12  44.  95 

1. 847.  50     165  12  57. 24 
1, 445.  05  t     96  38  37. 08 

2.729.91  315  40*52.48 

1,445.05  '    96  38  37.08 
1.263.8.J     176  2i»  01.84 
2, 082.  90     313  17  13. 43 

I.  263.  83  j  176  20  01  84 

1.  89.-.  88       76  37  46.  75 

2,  093. 78  :  293  07  37.  81 

1.  895.  88       78  87  46.  75 

1.444.92  199  53  55  61 
1,635.72     304  13  12.99 

90  12  10  ti 

82 

Strons 

84 

Saw  Mill 

*38*54  66.65 

85 

Nicholson 

90  13  00  8i 

84 

SawMUl 

Nicholnon ....'. 

85 

66 
85 

Hop  Hollow 

• 

Nicholaon 

Hod  Hollow 

38  54  4i.  55 

00  IS  18.  n. 

SS 

1 

«7 
SS 

Weper 

Hon  Hollow . 

38  54  27. 33 

00  14  29. 7i 

87 

Weper 

1 

88 

Hnll 

38  65  11. 39 

i    90  14  09.86 
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TahHlated  re9ult9  of  secondary  triangulation  from  Cairo  to  Keokuk — ContiQued. 


Va 


SUtknw. 


Observed 
angles. 


f7     Weper.. 
88  I  Hun  .... 
Barwise. 


•0 


'  Barwise. 
I  Keihl... 


•9  I  BarwiM 

•0  ;  Keihl 

»1     Eagle's  Neat 


91 

K 

97 

98 
99 


99 
190 


90 

leo 

Ml 


190 
101 
192 


101 
lOS 
109 


102 
103 
104 


90  t  Relhl 

91  I  £ai:le's  Nest 

92  I  Scheie 


91 
92 

93 


Eacle*B  Kest 

Echele 

Tortage 


92     Scheie 


93 
M 


93 
94 
95 


94 
96 


Portage 
SUrr. . . 


Portage 
Starr... 
Poarie  . 

• 


SUrr.. 
Pourie 
»aah  . 


Poarie  .... 

!  Slsah 

97     JEaatBase 


Elaah 

EaatBaae 
Grafton.. 


East  Base. 
Grafton  . . . 
WeatBaae 


Grafton 

West  Base . 
RlTermouth. 


WeatBaae 

RlTermouth . . . 
Point  Landinis 


RJTci'nioatb . . . 
Point  Landing 
Thompson  .... 


Point  Landing 
Tbon.p»on  .... 
Calhoun 


Thmnpaon 
Calhoun... 
Droege 


It 


86  46  56  95 

62  29  11  24 

30  43  49.  01 

57.20 


88     Hull 35  00  16.86 

102  36  47  39 

42  23  03.  00 

07.24 


41  11  36.23 
105  46  02.  28 

33  02  23.  04 

01.55 

37  59  22.  39 
103  11  27.69 

38  49  08. 2.*) 

58.33 

50  51  30.  83 

73  11  21.  le 

55  57  13. 01 

04.94 

89  45  07. 65 
97  54  14. 82 

42  20  38.  94 

0L41 

85  44  45  08 

52  21  2a  20 

41  53  44.  83 

58.11 

48  06  02. 76 

58  48  22.80 

73  05  85. 04 

00.60 

80  14  53. 60 

66  17  00.  09 
93  28  02. 76 

'    56.54 

27  20  05. 73 

111  21  34.13 

41  00  iai5 

68.01 

82  11  4&  38 
SO  32  88.33 

67  15  33. 10 

59.81 

93  18  05. 97 
41  18  38.26 
45  28  14.  36 

58.58 

67  19  11. 20 

68  37  51.04 
44  02  58. 92 

01.16 

75  80  15. 06 

81  55  21.75 
72  84  22. 54 

00.25 

63  56  41. 36 

34  .W  37.  55 
81  03  3&.  00 

58.81 

63  81  32.  71 

60  16  45.  06 

66  12  43.  aA 

01.11 


A(\jaAt'd 
angles. 


n 

67.84 
12. 13 
50.04 
00.01 

14.33 
45.00 
00.69 
00.02 

35.61 
01.76 
22.65 
00.02 

22.85 
28.26 
08.91 
00.02 

29.13 
19.46 
11.43 
00.02 

07.09 
14. 35 
38.58 
00.  02 

45.  82 
27.97 
46.23 
00.  U2 

02.90 
22.53 
34.59 
00.02 

54.81 
01.21 
04.02 
00.04 

06.27 
34.83 
ia95 
00.05 

4a  00 
37.61 
84.82 
00.02 

06.27 
39.24 
14.53 
00.04 

11.22 
49.77 
69.11 
00.10 

15.48 
22.22 
22.37 
00.07 

41.86 
87.49 
40.73 
00.07 

8L48 
45.77 
42.86 
00.11 


Distance. 

Azimuth. 

Latitude. 

Longitudttk 

MettT». 
1,444  02 
2,  823. 16 
2,  507. 82 

Q       1         H 

199  63  65.  61 

82  23  20.  56 

29J  05  57. 68 

0      '       " 

0    1     n 

38  64  50. 26 

00  16  06.6O- 

2,823.1C 
2. 402.  44 
4, 087.  04 

82  23  20.56 
159  45  22.  R9 
297  22  00.  21 

"38  66  i2."34" 

90  16  40.01 

2.402.44 
2,  902.  04 
4,  24U.  58 

150  46  22. 50 

85  31  01'.  «6 
298  32  00.  82 

38  56  04.07 

....... ...... 

90. 18  40. !» 

2, 902. 04 
2. 849. 52 
4,  507.  30 

85  31  02.  66 

8  41  15. 48 

227  30  13. 12 

88  64  33. 62 

90  18  6a0»' 

2,  849.  52 

2,  667.  27 

3,  292.  06 

8  41  16. 43 
115  20  44.75 
239  31  30.  65 

38  56  la  84 

90  20  87. 08^ 

2,667.27 
2.  632. 17 
8, 922.  21 

115  ?9  44.75 
197  34  27. 63 
335  14  08.  99 

88  56  20. 12 

00  20  oa  10^ 

2, 5.12. 17 
3,781.47 
8. 002. 69 

197  34  27. 68 
69  56  16.  64 

201  48  29. 10 

38  65  47. 03 

00  22'33.'66- 

3. 781. 47 
2,941.78 
3,380.88 

00  66  15. 64 

let  06  20.  33 
208  01  00.  53 

.............. 

38  67  2a  64 

00  22  la  1^ 

2, 941. 78 
5.  2157. 87 
4,883.94 

191  06  20. 39 

77  23  Sa  33 

200  40  2a  42 

38  56  43.38 

00  25  43. 16- 

5, 257. 87 
3, 686.  92 
7, 439.  97 

77  28  86.88 
145  50  47. 67 
284  40  84. 76 

88  68  2148 

00  27  oa  82^ 

3. 68a  02 
3,960.66 
2, 031. 61 

145  50  47. 67 
356  31  31. 32 
243  47  11. 01 

88  56  14. 28 

00  20  5a86> 

3,  960. 66 

356  31  31.  BS 

6,  547.  00      135  12  58.  %i 

3, 667.  61 

260  43  01. 77 

88  68  21. 02 

00  20  4Lir 

5,  547. 00 
7. 361. 12 
7, 429.  57 

135  12  6a  84 

23  40  06. 07 

247  60  47. 62 

38  64  43.63 

00  31  44. 65 

7. 361. 12 
7. 469. 66 
4, 079. 65 

23  40  Oa  07 
171  52  2a  29 
270  17  3a  35 

88  68  4^82 

00  82  2&42^ 

7. 469. 66 
6, 793. 04 
4. 336. 42 

171  52  26. 20 

26  SI  3a  21 

287  58  6a  85 

• 

88  66  2a  78 

00  34  35.89 

6, 793.  01 

26  51  36.  91 

7.  3ia  41     146  34  30. 35 
7. 007. 16  1  270  20  90. 2» 

I 

88  68  44.77 

00  87  2a  9» 
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Tabulated  re$ult9  of  Hoondary  triangulatian  from  Cairo  to  Keokuk — Contioued. 


Na 


103 
t04 
106 


SUtions. 


Observed     ,A4Ju*»td^  Digtance.! 
angles.         angles.    •'"»*~'^- 


Calhoun. 
Droege . . 
Keel.... 


104  I  Droege 
106  I  Keel  ... 
lOe  I  Cahill . . 


108  Keel  .... 
100  Cahill . . . 
107  I  Winfield 


106  '  Cahill... 

107  I  Winfield 
106     Wilson.. 


106 
108 
]09 


108 
109 
110 


109 
110 


Jahm.. 
Wilson. 
Kilham 


Wilson. 
Kilham 
PeeU  .. 


Kilham 
Peets  .. 


Ill  i  Knox. 


110 
111 
112 


111 
112 
113 


112 
113 
114 


Peets  .... 

Knox 

Hambarg 


32  67  50.  07 

70  02  56. 18 

76  50  14.  53 

00.78 

69  22  37.25 

58  46  31. 04 

51  50  50. 64 

58.03 

38  06  12.65 
110  23  29.  33 

31  80  18.  81 

00.79 

88  55  44.86 
44  26  45.  67 

46  37  29.  57 

00.10 

55  10  00. 17 
80  44  14.  40 

44  05  45.  05 
59.62 

109  36  25. 36 
37  30  52.  59 

32  52  44. 64 

02.59 

47  50  36. 15 
42  29  26.  50 

89  39  58.85 

01.50 

79  33  48. 23 

69  20  02. 13 

31  06  10.62 

00  98 


Hambarg 
Saltpeter. 
Belleview 


113  i  Saltpeter.. 

114  '  BeUtiview  . 

115  i  Clarksville 


114  Belleview  . 

115  I  Clarksville 

116  I  Long 


115  I  Clarksville 


116 
117 


116 
117 
118 


I-ong- 

SaltKiver 


Long  

Saltlliver. 
McLean  . . . 


117  ;  Salt  River. 

118  i  McLean... 

119  :  Inner  Base 


117  1  Salt  River. 
119  ,  Inner  Base 
UO     Outer  Base 


Knox 3125  42.49 

Hambarg 88  55  29. 94 

Saltpeter I  59  38  48.15 

i  0U.58 


63  01  33.  22  I 

89  21  55.  07  I 

37  36  30.  66  ; 

58.85  I 

41  23  36. 16  ' 
82  13  05.  78  I 
66  23  17.  90 
59.84 

43  38  49. 53 

100  53  45.  52 

35  27  27.  66 

.  02.71 

46  44  26.  79 
89  57  35.  99 

43  17  55. 19 

57.97 

46  03  22.94 

44  24  05.  39 
89  32  28.  70 

67.12 

61  16  28. 52 

30  00  55.61 

88  42  35.  69 

59.82 

84  65  30.33 

40  17  52.  28 

104  46  39. 16 

01.77 


It 

50.23 
55.10 
14.74 
00.07 

37.08 
31.87 
51.09 
00.04 


MeUn. 
7, 316. 41 
4. 085. 86 
7, 058. 65 


4. 085.  86 
4.862.89 
4, 443. 20 


11.93  I  4.862.89 

28.49  I  6.742.28 

19.65  I  8,722.42 
00.07  I 

44.32  I  5,742.28 

45.41  I  7.808.57 

30.  35  I  6,  531.  83 
00.08  I 


00.16 
13.96 
45.97 
00.09 

23.72 
52.37 
44.02 
00.11 


5,  531. 83 

6,  525. 16 
7.845.93 


6.525.16 

11,322.93 

7,319.65 


34  93  11, 322. 93 

26.63  8,393.93 

58. 61  7. 648. 44 
00.17 

48.07  '  8.393.93 
01.86  15,980.34 
10.39  15,203.58 
00.32  I 

40.65  15,980.34 

30. 19  9,  056. 13 

49.65  18,515.46 
00.39 

32.  50  I  9. 6.'i6. 13 
56.65  12.640.96 

31.26  115,821.88 
00.31  I 

37.72  112,640.96 

(4.66  lo.osaos 

17.94  115,138.92 

00.  32  I 

47.84  10,036.63 
45.19  111,941.08 

27.27  |16,989.65 
00.30 


25.51 
39.56 
55.31 
00.38 

25.68 
05.28 
29.35 
00.21 

28.32 
56.03 
35.74 
00.09 

29.02 
52.54 
38.46 
00.02 


11.941.68 
12,  680.  93 
17,412.73 


12.  680. 93 
9, 130.  96 
8,  872.  89 


9. 130.  96 
8,  009.  27 
4, 568. 79 


4,  568. 79 
2,  7u5. 10 
3,056.00 


Azimath. 


// 


146  84  30.  36 

36  35  40. 19 

203  83  5L  82 


36  85  40.10 
167  48  04.71 
286  56  25. 61 


167  48  04.  71 

88  10  46. 19 

299  38  34.80 


88  10  45. 10 
223  41  29.  74 
367  06  22.20 


177  06  29.  61 

77  hO  36  16 

301  53  35. 12 


77  50  36. 16 

220  16  56.  78 

7  27  24. 78 


220  16  56.  78 

82  49  35.  43 

352  26  55. 46 


82  49  35. 43 
193  25  54.  99 
342  21  22. 86 


193  26  64. 99 

102  23  02.  94 

34i  57  43.64 

102  23  02.94 
192  56  57. 64 
336  21  41. 24 


192  56  57.  64 
95  11  17.  16  I 
331  30  10.  22  < 


95  11  17. 16 
174  13  07.  09 
318  45  07. 86 


174  13  07. 00 

84  10  14. 69 

307  22  34. 40 


84  10  14.60 
308  28  44. 46 
218  04  23. 65 


308  28  44. 46 

158  32  50.  33 

67  14  08. 18 


247  12  16.14 

26  56  15.  64 

102  09  04. 63 


Latitude. 


Longitade. 


// 


/» 




38  56  58.88 

90  39  04.41 

88  69  24.38 

• 

00  40  20. 76 

\ 

•  •••••  •  •••••• 

38  69  1&  80 


80  02  23.54 


90  44  19. 2S 


90  40  32. 86 


39  01  3a  90 

00  44  57.  64 

39  06  1&  90 

90  39  52. 86 

39  05  44. 76       00  45  39. 42 


39  14  Oa  76  I    90  43  04. 64 


39  16  15. 73 


90  49  37.99 


39  21  55. 20       90  47  39. 06 


39  22  24. 42 


89  28  49.67 


90  54  37.26 


90  55  27.58 


30  28  07. 68 


01  04  16.83 


39  26  03. 24       90  60  16. 62 


39  29  04.94 

91  01  10.09 

39  27  46. 74 

91  02  10. 35 
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Tabulated  reiulU  of  aeoondary  triangulation  from  Cairo  to  Keokuk — Continaed. 


Ha 


Stations. 


118  McLean... 

119  Inner  Baae 
in     Looiaiana  . 


117  Salt  River. 

118  McLean   .. 
122     Kockport.. 


117     »alt  River. 

122  Rookport  . 

123  RedHooM 


122 
122 
12« 


124 
125 


121 
12S 


Observed 
angles. 


O      t        tl 

30  49  13.  08 

02  14  05.  84 

86  56  38.44 

57.36 

100  00  02.93 

41  50  56. 36 

38  U9  05. 13 

04.42 

67  05  14.  0( 
88  16  03.  87 
29  38  42^  67  ! 
00.54  I 


12S     See  Horn. 
12t     Hannibal 
127     Hither. 


126 
127 
128 


Hannibal 

Heather 

Marble  Head 


127  Heather 

128  Marble  Head 
Nelson 


127     Heather. 

129  Xelson    . 

130  Qnlncy.. 


129  Kelson  ... 

130  Qnincy... 

131  Lagrange. 


130  Qnincy 

131  '  Lagrange  . 
133     Lima  Lake 


131  Lagrange 

132  Lima  Lake 

123     Canton  University 


132,LimaLake 37  48  27.02 

133  >  Canton  University  . . '    60  11  28. 45 

134  Coogill 82  00  03.52 

58.99 


132     Lima  Lake I    69  84  55.57 

134  .  Coofill 74  44  01.99 

135  OiUham 35  4106.13 

59.69 


134  Congin 

135  Gillham 

131    Yellow  Banks 


22  27  56.66 

127  07  31. 52 

»0  24  3C.52 

58.70 


Rockport 82  05  49. 55 

Red  House 50  46  43.33 

Gard 97  07  27.35 

00.23 

Red  House 75  1146.20 

Gard 72  25*ir2.71 

See  Horn 32  22  52.17 

I  01. 08 

Gard    30  07  33.44  , 

See  Horn >    78  84  44. 38 

Hannibal 71  17  45.14  i 

02.96 


70  10  38.  64 
78  12  38.24 

36  86  42. 73 

59.91 

27  35  52. 47 

96  48  16. 73 

55  40  53. 14 

02.34 

72  25  15. 78 

63  42  10.  74 

43  52  31.4i$ 

58.00 

37  22  08  22 
105  13  17.  54 

37  24  32.  91 
58.67 

43  32  53.68 

103  41  27. 95 

32  45  38.  81 

00.89 

32  14  29.  35 

119  49  05.  49 

27  56  26.82 

01.66 

43  41  43.43 

88  09  05.  75 

98  09  07. 43 

56.61 


n 


13.98 
06.74 
39.35 
00.07 


Jietert. 
8, 0C9. 27 
4. 109. 40 
7,097.23 


CI.  90 

55.41 

02.92  i  9,861.65 

00.23  ' 


9, 180.  96 
114,556.82 


13.73  i  9,861.65 
04.61  118  364.53 
42.08  19,800.18 
00.42  < 


Azimuth.    ;     Latitude.       Longitude. 


>/ 


158  82  50.  33 

40  45  39. 18 

307  41  07. 19 


308  28  44. 46 

170  22  49. 71 

28  30  47. 88 


208  28  42.  59 
111  46  52.49 
321  17  59. 16 


50.16 
42.63 
27.60 
00.39 

45.78 
22.62 
52.02 
00  42 


9, 834.  05 
17.  753. 07 
117,505.28 


82.32  ;17,7'^3.07 
43.79  9.407.05 
44.31  18,371.82 
00.42 


38.88 
38.24 
43.22 
00  34 

51.68 
15.92 
52.71 
00.31 

16. 3( 
11.48 
32.44 
00.22 

08.67 
17.89 
33.72 
00.28 

53.35 
28.11 
38.90 
00.36 


9.  407.  05 
14.838  64 
15, 100.  88 


14.  838. 64 

8,323.07 

17.842  85 


8,323.07 
11. 447. 78 
10, 765. 80 


10. 755.  90 
13.694.27 
19,  311.  85 


28.96  13.694.27 
03.96  15,591.80 
27.55  25,857.01 
00.47  { 

43.89  15,591.80 
07.69  110.881. 18 
06.69  I  9,730.18 
0(.27 

26.92  10.881.18 
28.76  !  6,735.80 
C4. 48  9,  534.  25 
00.16  I 

54.  98  9.  534. 25 

02.27  15,317.97 

03.11  15,  76a  14 
00.36 

56.80  15,817.97 
32.30  11,564.38 
31.26  24,129,02 
00.86  I 


18,364  53  ;  111  46  52.49 

9,  834.  05  I  240  52  34.  45 

14,  337.  82  I  323  48  56.  68 


240  52  34.  45 
133  21  46.  90 
345  38  52.  52 


133  21  46.  90 

31  50  44.20 

283  06  15.  48 


31  50  44.  29 
138  35  52.  93 
281  54  46.  04 


138  35  52.  93 
221  i8  13.34 
346  09  50.  06 


221  48  13. 34 
105  32  54.  25 
329  20  29. 26 


10,765.80  I  149  22  57.04 
10,755.90  I  224  07  11.37 
17.C99.61  I   6  45  59.99 


224  07  11.87 

147  52  01. 82 

00  34  23.  24 


147  52  01.  82 

207  50  40. 38 

00  06  32.09 


H 


39  27  23.99 


91  03  11.81 


39  32  48.61 

91  00  58.40 

39  36  28.96 

91  i2' 53.24 

39  39  03. 99   91  06  52. 91 


39  45  3&88 

91  15  55. 18 

39  41  19  73 

91  19  23.43 

89  47  20.42 


91  26  15.86 


39  50  41.  52   91  22  22. 50 


39  52  20. 76 


91  80  06.58 


39  56  31. 00  I  91  24  51. 18 


40  02  46. 88  ;  91  29  58. 45 


40  10  13. 14 


91  24  40. 15 


207  59  40.  38 

66  12  07.  33 

344  16  44.  87 

40  07  50. 57 

91  31  49. 67 

66  12  07.  33 

185  56  07.42 

283  56  21.93 

40  11  27. 78 

91  81  20. 23 

104  00  34.35 

2<i9  12  19. 66 

353  84  41.  08 

40  18  4L  16 

91  26  03. 69 

209  12  19. 06 

156  28  16. 49 

6  45  40.  54 

40  24  24.  65 

91  29  20. 18 
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Tabulated  results  of  secondary  triangulation  from  Cairo  to  Keokuk — CoDtinned. 


No. 


135 
136 
137 


136 
137 
188 


186 
138 
139 


138 
139 
140 


138 
140 
141 


138 
141 
142 


141 
142 
143 


143 
143 
144 


143 
144 
145 


144 

145 
146 


Stations. 


GiUham 

Yellow  Banks 
Fox  River 


44  10  41.  79 

82  03  42. 90 

53  45  32. 14 

56.83 


Yellow  Banks 107  55  13. 27 

FoxjRiver 2M  09  47.  27 

Warsaw 43  54  5«  47 

I  57. 01 


Observed 
angles. 


// 


Yellow  Banks. 

Warsaw 

Boardman.l... 


Warsaw . . 
Boardraan 
Hughes  . . 


Warsaw. 
Hughes  . 
Worster. 


Warsaw 
Worster. 
Keokuk . 


Worster. . 
Ksokuk.. 
Hamiltun 


Keokuk . . 
Hamilton . 
Rapids  . . . 


Hamilton... 
Rapids  .... 
Lower  Base 


Rapids   

Lower  Base 
Upper  Base 


46  52  40. 38 

37  44  11.48 

95  23  06  24 

58.10 

35  52  16.  26 
77  22  15.  74 

66  46  27.  24 

59.24 

50  12  55  20 

67  46  52.  56 
62  00  11.21 

58.97 

33  03  35. 00 

85  24  20  38 

01  32.  02  31 

57.69 

32  37  09  55 

48  13  31.78 

99  09  18.  51 

59.84 

66  28  23.54 

55  39  35.  20 

57  51  58. 61 

57.35 

88  21  52. 60 

89  15  oa  22 
52  22  60. 12 

01.03 

85  35  17.  56 

98  42  43.  06 

45  41  54.08 

55.60 


Adjust'd 
anglfS. 


42.72 
44.26 
83.31 
00.20 

14.17 
48.19 
67.80 
00.16 

40.85 
12  37 
06  83 
00.05 


Distance. 


11,504.38 

9,  992.  28 

14,  200.  89 


9.  992. 28 

18.  707.  39 

6, 799.  60 


6,  799.  60 
4,  985.  03 
4, 180. 04 


16.71  4.985.03 

15.  80  3,  1711.  06 

27. 47  5,  294.  08 
00.04 


56. 15 
51.80 
12.  11 
00.06 

85. 09 
21.69 
03.27 
00.05 

00.56 
31.73 
18.72 
00.01 

24.25 
36.28 
50.48 
00.01 

52.10 
08.10 
59.81 
00.01 

18.95 
44.36 
56.69 
00.00 


5.  294. 08 

4,  607. 46 

5,  550.  52 


5,  550.  32 
3. 444.  29 
6, 293.  56 


3, 444. 29 

1.880.62 
2,601.80 


1,  880. 62 
2, 036. 22 
1. 833.  75 


2,036.22 
1,695.48 
2«  670. 40 


1,  595. 48 
1, 297.  38 
2,203.60 


Azimuth. 


// 


156  23  16.49 

58  24  53.  64 

292  06  33. 18 


58  24  53.  54 
266  30  4H.  01 
130  32  01.  37 


310  29  39.  37 
168  16  13.74 
'     83  38  52.  72 


168  16  13.74 

270  53  3(.04 

24  09  29.  96 


204  08  30. 45 

816  22  38.16 

74  23  53.  38 


2.54  21  26. 60 

159  48  15.  07 

41  19  45.  66 


159  48  15.  07 

291  34  10.66 

12  26  40.  01 


291  84  10.  66 

167  14  35.  01 

45  06  22. 18 


167  14  85.  01 

76  29  30.  76 

308  61  47. 89 


76  29  80. 75 
157  46  03. 70 
292  03  63. 52 


Latitude. 


O      I        II 


40  21  34. 82 


40  22  01. 44 


40  24  39.68 


40  24  38.06 


40  22  49. 90 


40  24  84. 70 


40  24  12. 28 


40  26  16. 16 


40  25  04.68 


40  26  48. 61 


Longitude. 


o     *      ft 


91  35  ao.87 


91  25  40. 9S 


91  26  23.95 


91  24  09. 18 


91  21  5188 


91  22  44.81 


91  21  30.64 


91  21  49L71 


91  22  65l  68 


91  S3  16.84 


APPENDIX   C. 

REPORTS  OF  ASSISTANT  ENGINEERS  J.  A.  PAIGE,  J.  B.  JOHNSON,  AND  L.  L.  WHBBLBB 
UPON  THE  FIELD-WORK  AND  RKDUCTION  OK  PRECISE  LEVELS  BETWEEN  CARROLL- 
TON,  LA.,  AND  BILOXI,  MISS.,  AND  BETWEEN  CAIRO,  ILL.,  AND  FULTON,  ILL.,  EXB- 
CUTKD  UNDER  THE  ORDERS  OF  THE   MISSISSIPPI   RIVER  COMMISSION,   1880-*8l-'82. 


1.  Report  of  Assistant  Engineer  J.  A.  Paige  upon  the  field-work  of  1880-'81,  Grafton  to  Cairo. 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  September  21,  1883. 

Sir:  I  have  the  honor  to  inake  the  following  report  of  fieM  op^ratious  on  precise 
levels  on  the  Mississippi  River,  between  the  mouth  of  the  Illiuviiw  River  and  Cairo, 
from  August  10,  lft80,  to  March  16,  1881. 

The  organization  of  the  party  \s' as  as  follows:  James  A.  Paige,  assistant  engineer, 
in  charge ;  O.  W.  Ferguson,  assistant  engine«5r ;  E.  H.  Sankee,  recorder;  H.  P.  Bonrne, 
recorder;  four  rodnien,  one  cook,  and  eigbt  axmen. 

On  October  23,  Mr.  Sankoe,  by  your  urcU-rs,  was  transferred  to  another  party,  and 
Mr.  P.  P.  Sanborno  reported  for  duty  on  the  same  day. 

Your  verbal  instructions  previous  to  my  taking  the  field,  were:  To  quarter  the 
party  on  the  quarter-boat  Louisiana,  obtain  the  necessary  instruments  from   the 
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office,  purchase  subsistence  stores,  and  have  the  onfit  towed  to  Grafton  ;  estahlish  a 
bench-mark  on  the  ri^ht  bank  of  the  Illinois  River  near  its  month,  which  should  be 
the  beginuinff  of  the  line ;  transfer  the  levels  across  the  Illinois  River ;  carry  the  work 
(which  would  consist  of  two  independent  lines  of  levels)  down  the  left  bank  of  the 
Mississippi  River  to  the  mouth  of  the  Missouri ;  cross  here  to  the  right  bank  of  the 
Mississippi  River,  in  order  tbat'permanent  bencb-marks  might  be  well  established  in 
the  edge  of  the  bluffs,  which  form  the  right  bank  mainly  from  Saint  Louis  to  Com- 
merce ;  and  ultimately  connect  with  the  bench-marks  in  Cairo  established  by  Gen- 
eral Comstock's  parties  in  1876. 

On  August  10,  the  quarter-boat  was  furnished  and,  by  the  steamer  Little  Eagle  No. 
3,  was  toweil  to  Grafton.  The  first  field-work  consisted  of  determining  the  constants 
of  Kern  levels  Nos.  1  and  2,  and  the  level  vials  belonging  to  them.  Kern  level  No.  1 
was  used  by  O.  W.  Ferguson  with  level  vial  No.  7  till  October  7,  when  it  was  broken ; 
after  that  date  level  vial  No.  3  was  used.  Kern  level  No.  2  was  used  by  James  A. 
Paige  with  level  vial  No.  2  throughout  the  season.  Redeterminations  of  the  value 
of  uie  constants  were  made  as  follows : 

Wire  intervals  of  both  levels  at  Neeley's  Landing  and  at  Cairo. 

Relative  size  of  rings  of  level  No.  2  at  Neoley's  Landing  and  at  White  Sand  Depo  t 
Landing. 

Value  of  one  division  of  level  vial  No.  2  at  Neeley^s  Landing  and  Cairo. 

Value  of  one  division  of  level  vial  No.  3  was  determined  at  Illinois  station,  where 
it  was  first  used,  and  again  at  Neeley's  Landing  and  at  Cairo. 

In  reduction  of  the  field-notes  the  value  of  these  constants  found  at  any  time  was 
used  until  a  new  determination  was  made;  after  that  time  the  last  value  found  was 
used. 

The  weather  for  the  first  three  months  of  the  field  season  was  very  favorable  to  the 
work.  On  the  15th  of  November  cold  weather  set  in,  and  from  that  date  till  February 
22  there  were  only  25^  Jays  for  both  parties  of  field-work  done.  While  at  Neelej-'s 
Landing  December  16,  the  ice  began  running  so  badly  that  the  quarter-boat  could  be 
moved  no  farther.  This  hindered  the  work  very  much.  Finally  the  river  was  en- 
tirely frozen  over,  and  remained  so  till  February  3,  when  a  cake  of  ice  extending  en- 
tirely across  the  river  struck  the  quarter-boat  and  sunk  her.  With  the  aid  of  a  der- 
riek  and  some  other  appliances  obtained  at  Grand  Tower  the  boat  was  raised  and 
repaired,  and  on  Febmarv  22  moved  to  Commerce,  Mo.,  to  which  point  Assistant 
Ferguson  had  carried  the  levels. 

The  work  was  completed  to  Cairo  on  March  14,  the  quarter-boat  towed  to  Mound 
City  and  turned  over  to  watchman  Schoenfeld,  and  with  Mr.  Ferguson  I  reported  to 
yon  for  further  dutj  at  Saint  Louis. 

The  general  conditions  regarding  the  work  during  the  latter  part  of  the  season  were 
anfavorable.  Low  water  prevailed  nearly  the  entire  season.  To  move  the  quarter- 
boat  by  drifting  with  the  current  very  often  resulted  in  being  hung  up  on  a  rock  or 
blown  on  a  sand  bar.  The  boat  lay  at  Neeley's  Landing  nine  weeks.  Part  of  the  force 
remained  to  look  after  the  boat,  while  Assistant  Ferguson  continued  the  work  below 
whenever  the  weather  would  permit,  subsisting  at  farm  houses. 

During  this  time  and  for  some  time  previous  the  ground  was  frozen,  and,  as  has 
been  foand  previously,  when  running  over  such  a  surface,  it  is  impossible  to  keep  the 
level  stationary.  Also,  part  of  the  Ime  was  through  wheat  fields  and  swampy  woods. 
Aboat  22  per  cent,  of  the  whole  distance  was  leveled  more  than  twice,  and  one  per 
eent.  was  leveled  more  than  three  times. 

The  whole  number  of  days  and  parts  of  days  spent  in  field-work  equals  220  days  for 
one  party.  The  whole  number  of  kilometers  leveled  equals  797.5.  Average  rate  per 
working  day  equals  3.6  kilometers. 

There  were  (^  permanent  bench-marks  established.  Eleven  of  these  were  of  the 
usual  pattern — stone  posts  in  ground  with  copper  bolt  in  top.  The  remainder,  with 
one  exception,  were  copper  bolts  one  centimeter  in  diameter  and  7  centimeters  long, 
leaded  in  brick  or  stone  foundations,  or  in  the  natural  rock  wall.  Those  of  the  latter 
locality  if  not  interfered  witht  cu^  ^^^  permanent  as  anything  of  this  nature  can  be 
established.  Where  the  copper  bolts  were  set  horizontally  a  small  hole  in  the  end  of 
the  bolt  marks  the  point  of  reference.  Temporary  bench-marks  were  set  about  once 
in  every  kilometer. 

While  in  the  field,  a  descriptive  list  of  bench-marks  was  received,  established  in 
li:J79,  by  surveys  made  under  direction  of  Colonel  Simpson,  Corps  of  Engineers,  be- 
tween Carondelet  and  Kaskaskia,  with  directions  that  they  be  connected  witn.  Thirty- 
three  of  these  sixty-four  bench-marks  were  found  and  connected  with.  They  are  des- 
ignated in  the  field-notes  and  office  computations  as  '*  B.  M. — Holman.'' 

There  w  ere  six  water-gauges  connected  with  the  levels,  viz  :  at  Grafton,  Saint  Louis, 
Rash  Tower,  Grand  Eddy,  Gray's  Point,  and  Cairo.  At  all  of  these  gauges  except 
the  Gray's  Point  gauge,  there  was  a  permanent  bench-mark  left  in  tne  immediate 
vicinity. 

The  methods  used  in  field-work  were,  with  a  few  exceptions,  the  same  as  have  been 

H.  Ex.  37 i 
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used  heretofore,  and  need  not  be  further  described,  any  changes  made  being  incidental 
to  the  locality,  state  of  the  weather,  ^c 

There  were  4  river  crossings  made  by  reciprocal  leveling — one  at  the  beginning  of 
the  work  across  the  IlliDois  River,  one  at  the  mouth  of  the  Missouri,  one  at  Chester, 
and  one  at  Commerce.  When  these  crossings  were  made,  a  copy  of  the  field-notes 
and  computations  was  forwarded  to  you. 

Very  respectfully,  your  obedient  servant, 

JAMES  A.  PAIGE. 

AiBtatant  Engineer, 

First  Lieut.  Smith  S.  Leaoh, 

Secretary  MiaBtasippi  Eiver  Commission, 


2,  Reports  of  J,  B,  Johnson  upon  the  field-work  of  1883-'83,  Carrollton  to  Biloxi,  and 

Grafton  to  Chicago, 

a, — CARROLLTON  TO  BILOXI. 

New  Orleans,  La.,  June  26,  1882. 

Sir  :  I  have  the  honor  to  report  upon  the  field-work  of  the  precise  level  party  un- 
der my  charge,  in  connecting  the  United  States  bench-marks  at  Carrollton,  La.,  with 
the  tide-gauge  at  Biloxi,  Miss. 

The  party  consisted  of  J«  B.  Johnson,  assistant  engineer  in  charge ;  O.  W.  Fergu- 
son, assistant  engineer;  A.  Ramel,  recorder;  A.  E.  Kastl,  recorder; together  with  four 
rodnien  and  five  laborers. 

I  left  Saint  Louis  May  3,  reaching  New  Orleans  on  the  5th.  A  reconnaissance  was 
made  on  that  day,  and  a  line  agreed  upon  for  reaching  the  Mobile  and  New  Orleans 
railroad  by  running  back  of  the  city.  On  the  6th  instrumental  constants  were  ob- 
served, and  on  Monday,  May  8,  the  regular  work  commenced. 

On  the  9th  I  left  the  party  for  five  days,  under  orders  to  visit  the  observation  party 
at  Red  River  Landing.  Recorder  Ramel  observed  with  my  instrument  while  I  was  on 
this  trip,  as  well  as  on  all  other  occasions  when  it  was  necessary  for  me  to  be  absent 
from  the  work.  The  work  was  completed  at  Biloxi  tide-gauge  June  23.  Instru- 
mental constants  were  observed  on  the  24th,  and  the  party  returned  to  New  Orleans 
on  the  26th.  A  connection  was  then  made  with  the  New  Orleans  City  datum,  which 
could  not  be  found  when  the  work  was  in  that  vicinity. 

The  party  was  disbanded  June  27.  Mr.  Ferguson  taking  part  of  the  outfit  to  Co- 
lumbus, Ky.,  and  the  remainder  shipped  to  Saint  Louis  by  Anchor  Line  steamers. 

description  of  th^  line. 

The  total  length  of  the  lino  from  Carrollton  to  the  Biloxi  gauge  is  139  kilometers  = 
87  miles.  Of  this,  18  kilometers  was  on  wagon  roads,  50  kilometers  on  railroad  through 
swamp,  7  kilometers  on  railroad  bridges  and  trestles,  64  kilometers  on  railroad  over 
dry  sandy  land. 

The  characteristics  of  the  swamp  region  were  learned  from  the  road  master.  He 
says  there  is  a  solid  sand  bottom  from  2  to  15  feet  below  the  surface  .throughout  the 
whole  distance.  A  vegetable  growth  and  mold  has  formed  on  the  surface,  which  ex- 
tends some  2  or  3  feet  down.  If  the  sand  substratum  is  deeper  than  this,  the  inter- 
mediate region  is  filled  with  a  soft  liquid  mass  which  ofiers  no  resistance  whatever. 
The  road-bed  was  first  made  by  dredging  a  canal  alongside  the  line,  and  depositing 
the  mud  on  the  line.  Sand  was  then  brought  in  scows,  on  this  side  canal  and  put  on 
top  of  the  mud  road-bed,  until  it  was  stable  enough  to  lay  a  track. 

For  several  years  after  the  track  was  laid  the  road-bed  rapidly  settled  away  in 

S laces  and  more  sand  was  constantly  hauled  to  raise  it  again.  Lines  of  piles  were 
riven  in  many  places  between  the  track  and  the  side  canal,  to  prevent  the  road-bed 
from  flowing  back  into  the  canal.  These  piles  are  all  driven  into  the  solid  sand  bot- 
tom, however,  and  are  very  firm.  The  road-bod  now  seems  to  be  quite  stable,  and  I 
think  the  fill  has  sunk  down  to  the  solid  substratum  and  there  will  be  little  more 
settling  away.  All  the  piling  under  the  bridges  and  trestles  are  driven  in  sand.  Our 
lines  checked  quite  as  well  through  the  swamp  region  as  on  the  solid  ground.  The 
road-bed  for  the  entire  distance,  is  composed  of  sand,  which  makes  an  excellent  basis 
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tor  foot  plates  and  instm meats  as  it  is  non-elastic.    The  7  kilometers  on  bridges  and 
tivstles  were  distributed  as  follows  : 

Meters. 

Chef  Mentear-Bridge 560 

Rigolets  Bridge 1,100 

Pearl  River  Bridge 520 

Bay  Saint  Loais  trestle 3, 700 

Biloxi  Bay  to  gauge  trestle 1,120 

Total  kilometers 7.00O 

The  bridges  were  doable  qaadraagular  iroa  trass  bridges  of  100  feet  span,  resting 
on  piers  made  up  of  sixteen  piles  each.  These  piles  were  well  capped  and  held  at 
top,  and  also  by  diagonal  tie-iron  rods,  reaching  from  top  to  bottom  of  piers.  The 
tr^itle-work  rested  on  piers  every  fifteen  feet,  oi  six  piles  each.  The  water  was  not 
over  20  feet  deep  on  any  of  these  crossings,  except  that  of  the  Rigolets,  which  was  as 
much  as  48. 

The  Chef  Mentenr,  Rigolets,  and  Pearl  River  are  outlets  from  Lake  Pontchartrain 
into  Lake  Borgne,  and  are  subject  to  strong  currents  as  the  tide  ebbs  and  flows,  or 
the  wind  drives  the  water  in  or  out.  All  these  bridges  and  trestles  were  found  very 
solid,  and  famished  a  good  basis  for  the  instruments  when  there  was  little  wind  and 
current,  otherwise  work  could  not  be  done  on  them.  These  were  all  crossed  four 
times  under  favorable  circumstances,  except  Pearl  River  bridge,  which  was  crossed 
but  three  times.     All  these  lines  agreed  as  closely  as  on  any  other  part  of  the  work. 

METHODS  OP  WORK. 

The  methods  employed  were,  in  the  main,  the  same  as  those  heretofore  used  with 
the  Kem  instruments  and  rods.  The  two  lines  were  always  run  in  opposite  direc- 
tions, Mr.  Ferguson  always  running  west,  and  I  always  running  east. 

In  one  particular  the  methods  of  making  the  observations  have  differed  from  those 
previously  used,  and  that  is  the  bubble  was  alu-ays  kept  in  Ihe  middle  of  the  tube  when 
taking  a  reading. 

This  method  was  not  adopted  arbitrarily  or  rashly.  In  my  first  season's  work  I 
found  that  my  bubble  changed  its  value  from  2.6  to  3.5  seconds,  according  to  tempera- 
ture. I  therefore  kept  my  bubble  corrections  very  small  so  as  not  to  introduce  any 
large  uncertainty  from  that  source.  In  Ihe  first  half  of  last  season  I  followed  the 
Kame  plan,  and  with  many  readings  would  have  no  bubble  correction  at  all.  In  the 
latter  naif  of  that  season's  work  I  kept  the  bubble  exactly  in  the  middle  for  almost  all 
readings,  and  found  it  could  be  done  as  well  as  not.  This,  of  course,  presumes  that 
the  observer  reads  his  own  bubble,  a  thing  which  I  have  always  done.  Last  season 
Mr.  Ferguson  hac^  his  recorder  read  his  bubble  and  so  could  not  pursue  this  method. 

A  discussion  of  these  two  systems  is  important. 

( I. )  Having  the  recorder  read  the  bubble  has  some  advantages,  provided  the  bubble  teill 
ttand.  He  then  can  wait  till  it  settles,  inform  the  observer  of  the  fact,  and  he  can 
read  the  bubble  in  its  true  position  while  the  observer  re<ads  the  rod. 

The  objections  to  this  are  : 

(a.)  It  is  desirable  to  have  as  few  men  about  the  instrument  as  possible.  If  the 
recorder  reads  the  bubble  there  are  three  men,  observer,  recorder,  and  umbrella  man, 
standing  directly  beside  the  instrument. 

(6.)  I  find  that  my  bubble  will  seldom  stand  long  enough  for  me  to  read  the  three 
wires;  a  single  bubble  reading  is,  in  this  case,  certainly  erroneous. 

(11.)  The  advantages  of  the  other  system  are,  that  it  enables  the  observer  to  make 
the  eomplete  observation,  and  also  to  get  all  three  wire  readings  with  the  bubble  in 
one  position. 

To  hare  one  man  read  the  bubble  and  another  to  take  the  shot  is  like  having  one 
to  sight  a  gun  and  another  to  pull  the  trigger,  a  very  good  plan  with  a  fixed  guv, 
liat  a  very  poor  plan  when  the  gun  is  somewhat  unsteady  and  controlled  by  the  man 
who  pulls  the  trigger.  When  the  bubble  is  almost  constantly  in  motion,  the  same 
man  must  see  both  bubble  and  wires,  and  at  the  same  time,  and  keep  them  both  in 
view,  in  order  that  he  may  know  when  the  bubble  is  registering  correctly.  By  hold- 
iDg  the  head  to  one  side  the  observer  can  keep  his  left  eye  on  the  bubble  and  his  right 
eye  on  the  rod,  and  see  the  bubble  super-imposed  on  the  rod  ;  or,  if  he  finds  it  difil- 
cnlt  to  read  with  both  eyes  at  once,  he  can  see  bubble  and  rod  alternately  without 
moving  his  head  and  only  by  opening  and  closing  his  left  eye.  Now  with  his  hand 
at  the  elevating  screw,  under  the  eye  end  wye,  he  brings  the  bubble  to  the  center  and 
ke«ps  it  there,  stopping  to  look  at  the  bubble  for  each  wire  reading. 

After  having  read  one  wire,  if  the  bubble  has  run,  bring  it  back,  read  the  next 
wire,  again  examine  the  bubble,  bring  it  to  the  center  again,  and  read  the  third  wjre. 
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Let  him  do  the  same  also  for  the  second  set  of  readings  (for  the  wires  shonld  all  be 
read  twice),  and  then,  having  kept  the  bubble  in  the  same  place,  he  can  confidently 
assert  the  reliability  of  his  work.  With  100-meter  shots,  if  the  bubble  is  read  one- 
half  division  wrong,  an  error  of  0™"».6  has  been  made. 

The  bubble  often  ieema  to  have  stopped  moving  when  one-half  to  three-quarters 
division  from  its  true  point  of  equilibrium,  and  therefore  the  second  set  of  wire  read- 
ings will  often  differ  from  the  first. 

It  may  be  said  it  requires  too  much  time  to  bring  the  bubble  exactly  in  the  middle, 
but  I  think  it  requires  no  more  time  than  to  bring  it  to  any  other  point,  for  it  mast 
he  watched  and  kept  to  one  reading  anyway,  if  good  work  is  to  be  done,  and  it  might 
as  well  be  kept  in  the  middle  as  anywhere  else. 

I  have  run  1^  miles  per  hour  by  this  method  of  work,  on  100-meter  shots,  and  I  do 
not  find  it  at  all  difficult  to  make  ten  settings  an  hour  of  80-meter  shots,  making  a 
mile  an  hour  on  80-meter  shots.     This  got  to  be  about  our  normal  gait. 

Another  objection  that  is  made  to  the  observer's  reading  his  own  bubble,  is  that 
he  cannot  read  it  correctly,  there  being  a  parallax  of  about  one-half  division  at  each 
end,  caused  by  the  light  passing  obliquely  from  the  bubble  to  the  mirror,  in  order  to 
reach  the  eye. 

The  instructions  say  that  the  eye  must  be  held  in  such  a  position  that  there  will  be 
no  paralLix.  This  cannot  be  done.  The  objection,  however,  has  little  force,  provided 
the  bac  X  and  fore  sights  are  kept  equal.  The  error  being  always  constant  and  eflect- 
ing  back  and  fore  sights  alike,  their  difference  is  not  changed,  and  if  the  back  and 
foro  sights  are  very  unequal,  this  one-half  division  error  in  bubble  reading  can  be  ap- 
plied, together  with  the  corrections  for  coUimation,  inclination,  and  pivots.  In  fact, 
it  and  the  pivot  error  being  sensibly  constant,  may  be  combined,  and  their  resultant 
used  in  connection  with  coTlimation  and  inclination  errors.  For  these  reasons  I  de- 
termined on  having  no  bubble  corrections  in  my  work  for  this  season,  and  Mr.  Fergu- 
son, with  some  reluctance,  a<lopted  the  same  method.  I  think  our  extraordinary  close 
agreements  amply  justifies  the  scheme. 

I  believe  that,  when  the' conditions  are  favorable,  this  matter  of  the  bubble  read- 
ings is  the  chief  source  of  error.  If  the  saving  of  time  in  the  computations  may  be 
allowed  as  an  argument,  this  method  has  a  great  advantage  over  the  old  one. 

Our  field  work  has  all  been  reduced  in  two  note-books,  instead  of  on  the  computa- 
tion sheets,  with  a  saving  of  three-quarters  of  the  time  it  formerly  required  for  this 
work.  This  certainly  reduces  the  cost  of  the  field  work,  for  that  now  never  has  to  be 
stopped  to  work  up  notes.  I  therefore  conclude  that  the  method  is  more  accurate, 
less  laborious,  and  cheaper  than  that  formerly  used.  The  value  of  the  bubble  also, 
and  the  changes  in  the  same,  become  of  no  consequence,  neither  is  an  accurate  value 
of  the  wire  interval  of  much  account,  except  as  getting  the  distance  run. 

In  all  other  respects  the  methods  employed  have  been  the  same  as  those  used  before. 
The  permanent  bench-mark  stones  have  generally  been  set  on  side  lines,  so  that  any 
settling  that  may  have  occurred  in  them  has  not  affected  the  accuracy  of  the  line. 

Twenty-two  permanent  bench-marks  have  been  set,  twelve  of  which  are  stones  set 
in  the  ground,  east  of  Pearl  River,  and  the  rest  are  copper  bolts  leaded  into  dratv- 
piers,  abutments,  brick  buildings,  &,c.  Superintendent  J.  T.  Harahan  very  kindly 
gave  ns  the  use  of  a  hand-car,  which  was  of  great  service  and  materially  facilitated 
the  work.  No  other  favors  were  asked  or  received  from  the  railroad  company,  and 
in  retnrn  for  this  one,  I  have  prepared  a  list  of  onr  permanent  bench-marks  with  their 
elevations,  and  also  the  elevations  of  the  road-bed  at  every  station,  which  will  amply 
repay  them  for  the  use  of  the  car. 

Most  of  the  work  has  been  done  from  6  to  8  a.  m.  and  from  4  to  7  p.  m.  There  have 
been  very  few  days  when  work  could  be  done  between  8  a.  m.  and  4  p.  m. 

The  party  were  quartered  at  but  six  places  between  New  Orleans  and  Biloxi,  a  dis- 
tance of  80  miles,  three  of  these  being  club-houses  for  New  Orleans  hunters  and  fish- 
ermen. 

RESULTS. 

The  length  of  line  was  139  kilometers  (87  miles).  This  was  run  in  forty-seven 
days,  May  8  to  June  23,  inclusive.  Seven  kilometers  of  this  distance  (4.4  miles)  was 
required  to  be  run  four  times.  This  gives  91.4  miles  of  duplicate  line  completed  in 
forty-seven  days,  1.9  miles  per  day.  The  full  party  was  under  pay  fifty-one  days. 
Field-work  was  done  on  thirty-six  days,  making  an  average  of  2.6  miles  per  day  for 
every  day  on  which  work  was  done.  Of  the  remaining  fifteen  days  nine  were  Sundays, 
four  were  rainy,  one  was  windy,  with  the  tents  inaccessible,  and  one  day  was  spent  iu 
connecting  with  a  stone  and  setting  a  water-gauge  at  **  West  End"  on  Lake  Pontchar- 
train. 

DISCUSSION   OF   RESULTS. 

There  were  five  discrepancies  in  the  season's  work  beyond  the  limits;  four  of  these 
were  errors  of  10  millimeters,  and  one  of  20  millimeters.  It  is  pretty  well  determined 
that  these  all  occurred  by  allowing  the  rods  to  get  out  of  the  sockets  in  the  foot-plates. 
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Tbese  sockets  are  Just  10  millimeters  in  depth ;  every  time  a  train  passes  the  rod  is  taken 
oat,  and  in  replacing  it  the  rodman  is  very  careful  not  to  jar  the  plate.  Neither  should 
be  incline  the  rod  too  much  in  putting  it  back  for  fear  of  bringing  a  lateral  pressure 
on  the  plate  and  so  moving  it.  He  therefore  canuQt  get  down  to  look  at  it,  neither 
can  he  let  it  in  so  as  to  hear  the  click  as  it  drops  into  the  socket,  as  he  can  when  he 
first  sets  up,  so  that  some  of  those  errors  may  have  come  in  from  this  cause. 

Another  cause  would  be  the  strong  wind,  in  which  we  were  often  able  to  work  on 
account  of  the  protection  afforded  the  instruments  by  the  tents.  The  rods,  however, 
had  no  protection,  and  it  was  with  the  greatest  difficulty  that  the  rodmen  managed 
to  keep  their  rods  in  place.  They  us6d  a  stick  to^  brace  up  the  rod  on  the  leeward  side, 
and  if  this  was  held  firmly  against  the  rod,  the  wind  against  the  top,  would  tend  to 
lift  the  rod  bodily  oat  of  the  socket.  One  of  the  rods  was  found  in  this  condition  one 
day,  the  spnr  resting  out  on  the  top  of  the  plate,  and  it  had  evidently  been  done  in 
this  way,  the  rodman  not  being  conscious  of  the  change. 

Aside  from  thesiie  five  errors,  which  determinations  were  rejected  in  the  field  com- 
putation, there  were  no  discrepancies  beyond  the  limit  on  the  entire  Une. 

A  number  of  stretches  were  run  a  third  and  fourth  time  to  reduce  the  probable  error, 
although  already  within  the  limit,  all  determinations  being  used. 

There  was  no  marked  divergence  in  the  plot  of  the  two  lines  until  the  last  two  weeks. 
This,  I  think,  was  caused  by  the  road-beo  becoming  very  dry,  there  having  been  no 
rain  in  that  time.  When  trains  pass,  the  whole  road-beo.  is  shaken  somewhat,  and  if 
there  is  dry  sand  about  the  foot-plates  it  is  liable  to  work  under  them,  and  so  raise 
them  slightly.  The  discrepancies  are  in  the  direction  to  indicate  a  raising  of  the  foot- 
plates.    The  results  obtained  on  the  bridges  and  trestles  are  very  satisfactory. 

We  have  for  the  five  such  stretches : 


Locality. 


Chef  Menteur .  . 

Rif  oleU 

Pearl  River  .... 
Bay  Saint  Louis 
Biioxi  Bridge... 


Distance. 

Number 
of  lines. 

Maxi. 
momdis- 
crepancy. 

m. 

fnm. 

500 

4 

1.3 

1,]00 

4 

1.3 

520 

3 

0.0 

3,700 

4 

3.5 

1.120 

4 

3.5 

Probable 

error  of 

mean. 


mm. 
0.2 
0.2 
0.2 
0.5 
0.5 


Many  trains  passed,  both  while  crossing  these  bridges  and  also  between  the  differen  t 
crossings.  The  evidence  is  conclusive  that  there  is  no  appreciable  settling  of  these 
piles  for  passing  trains.  The  probable  error  in  the  mean  for  the  entire  line  is  7  milli- 
meters. This  corresponds  to  a  probable  error  in  the  mean  of  0.60  millimeters  per 
kilometer,  a  degree  of  accuracy  not  hitherto  attained,  I  believe,  in  this  country. 

It  will  be  seen,  by  comparing  their  elevations  in  the  summary,  that  the  6-foot  mark 
on  the  Biioxi  gauge  is  25.5  millimeters  below  the  zero  of  the  Carrollton  gauge.  The 
keeper  thinks  mean  tide  is  a  little  below  the  6-foot  mark.  It  is  likely,  there^re,  that 
the  zero  of  the  Carrollton  gauge  will  prove  to  be  some  2  or  3  inches  above  mean  tide. 

The  work  is  much  indebted  to  the  attention  paid  to  it  by  Major  Harrod.  It  was 
through  his  influence  that  a  hand-car  was  obtained,  and  also  that  the  party  was 
allowed  to  occupy  various  club-houses  through  the  swamp  region.  The  organization 
of  the  party  was  very  satisfactory.  Mr.  Ferguson  is  always  to  be  commended  for  the 
intelligence,  care,  and  conscientious  devotion  he  brings  to  the  work,  and  Recorders 
Ramel  and  Kastl  are  well  deserving  of  further  employment.  Mr.  Ramel  acted  as  an 
observer  on  31  stretches,  aggregating  24  miles,  on  only  one  of  which  was  the  discrep- 
ancy beyond  the  limit,  and  that  one  by  10  millimeters,  probably  an  error  of  the  rod- 
man 

Very  respectfully,  your  Obedient  servant, 

J.  B.  JOHNSON, 
A89isiant  Engineer, 

First  Lieut.  Smith  S.  Leach, 

Corp8  of  Engineers f  U.  S,  A,y  Secretary  MisaUsippi  River  Commiesion, 

6.— GRAFTON    TO   CHICAGO. 


Saint  Louis,  September  1, 1883. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  field  work  of  precise 
levels  from  Grafton  to  Chicago.     This  work  was  done  in  three  seasons,  viz : 
I.  Grafton  to  Keokuk,  151  miles,  done  May  21  to  August  30,  1861. 
II.  Keokuk  to  Fulton,  170  miles,  done  September  6  to  November  25,  1882. 
III.  Fulton  to  Chicago,  170  miles,  done  May  2  to  August  7,  1883. 
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The  observers  for  all  this  work  were  O.  W.  Ferguson  and  J.  B.  Johnson.  Each  ob- 
server had  a  recorder,  two  rodmen,  and  two  axmen  at  his  disposal,  thus  making  two 
separate  working  field  parties.  Both  parties  were  quartered  together,  and  were  in 
charge  of  J.  B.  Johnson.  From  Grafton  to  Keokuk  they  lived  on  a  quarter-boat ;  from 
Keokuk  to  Chicago  they  found  accommodations  in  the  villages,  and  used  a  hand-car 
to  go  to  and  from  work.  Of  the  491  miles  of  line  from  Grafton  to  Chicago,  406  miles 
were  run  on  railroads,  and  85  miles  along  the  edge  of  the  river  bank.  From  Grafton  to 
Savanna,  the  most  northerly  point  reached  on  the  river,  railroads  were  only  used  when 
they  were  in  close  proximity  to  the  river  bank. 

BENCU-MARKS. 

From  Grafton  to  Chicago  147  permanent  bench-marks  were  set,  110  of  which  may 
be  found  near  to  the  river,  between  Grafton  and  Savanna ;  of  the  remaining  .37,  31 
are  on  the  line  of  the  Chicago.  Milwaukee  and  Saint  Paul  Railway,  from  Savanna  to 
Chicago,  and  6  in  the  city  or  Chicago.  These  bench-marks  are  nearly  all  copper  bolts 
leaded  into  natural  rock,  bridge  piers,  and  abutments,  foundations  of  buildings,  and 

US 
in  stones  set  in  the  ground.     They  are  generally  marked  with  the  letters     O 

PBM 

arranged  in  this  manner  about  the  bolt-head.  Most  of  them  are  set  horizontally  in 
vertical  walls  and  faces  of  rock,  and  the  balance  vertically  in  horizontal  surfaces. 
The  latter  are  more  convenient  to  connect  with,  but  are  more  liable  to  be  disturbed 
and  covered  from  sight. 

In  addition  to  these  permanent  benches,  connection  was  made  with  30  ''permanent 
bench-marks"  set  in  Colonel  Farquhar's  survey  of  the  Mississippi  River,  and  pub- 
lished in  the  Report  of  Chief  of  Engineers  for  1880,  page  1520. 

Temporary  bench-marks  were  set  about  every  kilometer,  or  whenever  the  work  was 
interrupted.  There  were  usually  points  of  natural  rock,  abutments,  spikes  in  stumps 
or  roots  of  trees,  or  in  the  trestle-work  over  piles,  or  else  stakes  driven  in  the  ground. 
Where  the  stability  of  the  temporary  bench  was  not  assured,  more  than  one  was  set ; 
in  this  case,  both  were  connected  with  a^ain  |in  starting  from  them,  and  the  mean 
elevation  of  the  two  was  used  in  continuing  the  line.  With  bat  one  exception,  no 
temporary  bench  was  ever  found  to  have  moved,  and  this  one  was  a  spike  in  a  cattle- 
guard  where  the  timbers  were  afterwards  found  to  be  decayed.  This  movement  was 
discovered  iu  the  field,  and  the  line  continued  from  the  next  set  of  benches  back  on 
the  line. 

LOCATION  OP  LINE. 

The  location  of  the  line  run  is  as  follows : 

From  Grafton  to  Clarksville,  58  miles,  on  the  east  bank  of  the  river. 

From  Clarksville  to  Burlington,  135  miles,  on  the  line  of  Saint  Louis  and  Keokuk, 
and  Chicago,  Burlington  and  Quincy  railways,  on  the  west  bank. 

From  Burlington  to  New  Boston,  36  miles,  on  the  line  of  the  Chicago,  Burlington  and 
Quincy  Railway,  on  the  east  bank. 

From  New  Boston  to  Port  Louisa,  9  miles,  on  the  east  bank,  through  the  bottoms. 

From  Port  Louisa  to  Muscatine,  18  miles,  on  the  west  bank,  through  the  bottoms. 

From  Muscatine  to  Rock  Island,  29  miles,  on  the  line  of  the  Chicago,  Rock  Island 
and  Pacific  Railway,  on  the  west  bank. 

From  Rock  Island  to  Savanna,  58  miles,  on  the  line  of  the  Chicago,  Milwaukee  and 
Saint  Paul  Railway,  on  the  east  bank. 

From  Savanna  to  Chicago,  148  miles,  on  the  line  of  the  Chicago,  Milwaukee  and 
Saint  Paul  Railway. 

This  necessitated  crossing  the  river  four  times  with  the  line  of  leyels,  viz,  at 
Clarksville,  Burlington,  Port  Louisa,  and  Rock  Island. 

At  Clarksville  aud  Port  Louisa  the  crossings  were  effected  by  simultaneous  readings 
with  two  instruments  on  opposite  sides  of  the  river,  the  midwire  bisecting  a  lar^^e 
target  on  the  opposite  shore.  Sixteen  readings  were  taken  by  each  instrument,  m 
sets  of  four,  which  were  as  follows: 

1.  Telescope  normal,  level  direct. 

2.  Telescope  normal,  level  reversed. 

3.  Telescope  inverted,  level  direct. 

4.  Telescope  inverted,  level  reversed. 

Then  each  observer,  with  his  instrument,  crossed  over,  and  the  same  was  repeated. 
The  longest  readings  thus  taken  were  about  600  meters.    Very  good  results  were 
obtained,  the  probable  error  being  less  than  a  millimeter. 
At  Burlington  and  Rock  Island  the  crossings  were  made  on  bridges. 
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INSTRUMENTS. 

The  instrament^  used  on  this  work  are  the  Kem  levels,  and  rods  similar  to  those 
used  in  the  precise  levels  of  Switzerland,  and  are  made  by  J.  Kem,  of  Aarau.  The 
instmment,  with  tripod,  weighs  22  pounds.  It  has  three  steel  leveling  screws,  with 
enlarged  spherical  ends  at  bottom,  which  are  held  to  the  tripod  head  by  clamps 
fitting  over  the  spherical  enlargements.  The  wye  adjustment  is  by  means  of  a  thumb- 
screw of  very  fine  thread,  so  that  the  last  final  centering  of  the  bubble  is  made  with 
this  screw.  The  bubble  tube  is  fixed  in  a  striding  wooaen  case,  with  brass  ends  fit- 
ting on  the  collars  of  the  telescope.  The  bubble  case  has  a  glass  cover  and  a  mirror 
that  may  be  raised  tq  the  angle  of  4.5^  and  so  reflect  the  bnoble  image  to  the  eye  of 
the  observer  at  the  eye-piece.  The  telescope  clamps  also  hold  the  bubble  case  in  posi- 
tion; this  is  removed,  however,  when  the  instrument  is  carriM.  The  telescope  gives 
an  inverted  image.  The  reticule  has  three  horizontal  wires,  all  of  which  are  read,  and 
the  mean  taken  as  the  reading  of  that  sight.  This  also  gives  a  stadia  measurement  of 
the  distance. 

The  rods  are  3  meters  long,  made  of  two  pine  boards  with  a  T-shaped  cross  section, 

grovided  with  an  iron  spur  at  bottom  with  a  flat  end,  and  a  watch  level  by  which  to 
old  it  vertical.    They  are  gn^duated  to  centimeters,  and  are  read  by  estimation  to 
millimeters.    No  target  is  used. 

FIELD  METHODS. 

1.  DupUcaiiati. — In  all  this  work  the  lines  between  benches  have  always  been  dupli- 
cated by  running  the  second  line  in  the  opposite  direction.  From  Grafton  to  Keokuk 
the  duplicate  lines  were  run  by  different  observers,  Mr.  Ferguson  always  running 
north  and  Mr.  Johnson  south.  From  Keokuk  to  Chicago  each  observer  duplicated 
bis  own  work.  It  was  never  attempted  to  carry  two  lines  simultaneously  with  one 
instrument. 

2.  Observation. — Great  care  was  taken  to  always  get  the  back  and  fore  sights  equal 
in  length.  Since  the  interval  between  extreme  wire  readings  gave  a  stadia  measure- 
ment of  the  distance,  the  recorder  knew,  by  means  of  the  continued  sum  of  back  and 
fore  sight  intervals,  at  all  times,  what  the  total  difference  was,  and  could  instruct 
the  rodman  to  make  the  requisite  correction.     This  was  carefnlly  attended  to. 

The  bubble  was  always  read  by  the  observer  in  the  mirror  set  for  that  purpose. 
This  was  read  by  the  observer*^  left  eye,  without  removing  his  right  eye  from  the 
eye  piece.  There  was  a  small  parallax  on  tbe  bubble  when  the  eye  was  in  this  posi- 
tion, but  since  the  error  was  constant  for  both  back  and  fore  sights,  it  was  eliminated. 
From  Grafton  to  Keokuk  the  bubble  was  brought  approximately  to  the  middle  and 
read,  and  a  correction  applied  for  its  eccentric  position.  From  Keokuk  to  Chicago, 
the  bubble  was  brought  carefully  to  the  center  and  held  there  by  means  of  the  very 
delicate  wye  adjusting  screw,  so  that  there  were  no  corrections  for  bubble  displace- 
ment on  this  part  of  the  work.  The  latter  method  was  found  to  be  about  as  con- 
venient in  the  field,  and  it  saves  much  work  in  reduction. 

In  connecting  with  horizontal  benches  it  was  the  common  practice  to  set  the  in- 
strument on  a  plane  with  the  bench  and  make  the  middle  wire  bisect  the  small  hole 
in  the  center  of  the  bolt,  reading  both  back  sight  on  rod  and  fore  sight  on  bolt, 
with  the  telescope  in  both  normal  and  inverted  positions.  This  was  necessary,  be- 
cause three  wires  were  read  on  the  rod,  and  the  middle  wire  did  not  exactly  coincide 
with  the  mean  of  the  three. 

The  rod  supports  used  in  1881  and  1883  were  iron  foot-plates  of  some  18  square  inches 
area,  triangular  in  shape,  having  a  handle,  3  spurs  at  bottom,  and  a  socket  in  the  top, 
with  a  convex  bottom  to  receive  the  spur  of  the  rod.  In  1882  iron  pins  were  usea 
in  addition  to  the  foot-plates,  or,  in  place  of  them,  on  portions  of  the  line  where,  from 
<mr  experience,  they  were  thought  to  be  better  than  the  plates.'  This  was  on  alluvial, 
moist,  or  springy  ground,  where  the  plates  were  liable  to  change  their  elevation. 
Sometimes  in  the  woods  it  would  be  almost  impossible  to  get  good  solid  earth  on 
which  to  set  the  plate.  The  pins  were  found  to  work  very  well  in  these  places,  but  in 
loose  earth,  as  sand  or  unpacked  travel,  tlie  foot-plates  are  greatly  superior.  If  but 
one  kind  of  support  is  to  he  usediinder-all  conditions,  the  foot-plates  are  preferable. 

INSTRUMENTAL  CONSTANTS  AND  ADJUSTMENTS. 

The  value  of  one  division  of  the  level  bubble  in  seconds  of  arc  was  determined  two 
or  three  times  each  field  season,  also  the  difference  in  the  diameters  of  the  telescope 
eollars,  and  the  correction  therefor,  and  the  value  of  the  wire  intervals.  The  adjust- 
ment of  the  bubble  tube,  and  the  line  of  collimation  of  the  mean  of  the  three  wires, 
to  the  axis  of  the  telescope  collars,  was  made  or  examined  every  time  the  instruments 
were  set  up,  and  again  on  closing  a  stretch.     In  the  former  case  the  error  of  paral- 
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lelism  was  made  very  small)  and  in  the  latter  its  absolute  valne,  in  seconds  of  arcy 
was  found  by  reversed  reading.  These  values,  found  at  the  close  of  the  stretch, 
called  corrections  for  "inclination"  and  *'collimation,"  together  with  the  correction 
for  ineauality  of  collars,  called  the  "  pivot"  correction,  were  all  evaluated  for  the  re- 
sidual difference  in  distance  between  sums  of  back  and  fore  sights,  and  the  resulting 
correction  applied  to  the  computed  elevation  of  the  forward  benches.  The  algebraic 
sums  of  these  corrections  seldom  amounted  to  more  than  one  or  two-tenths  of  a  milli- 
meter, on  account  of  the  care  taken  to  keep  the  back  and  fore  sights  equal. 

The  corrections  resulting  from  the  condition  of  the  instrument  at  the  close  of  the 
stretch  were  alone  used,  because  where  constant  care  had  been  exercised  to  keep  the 
back  and  fore  sights  balanced  up,  the  residual  di£ference  would  usually  be  made  on 
the  last  one  or  two  settings. 

PROGRESS. 

The  following  table  shows  the  rates  of  progress  made  in  the  three  seasons: 


Item. 

• 

Grafton  to 
Keokuk. 

Keokuk  to 
Fulton. 

■ 

Fulton  to 
.Chicago. 

Grafton  to 
Chicago. 

Lenirth  of  line 

151 

94 

73 

1.6 

2.1 

170 

81 

58 

2.1 

2.9 

176  i                491 

Number  of  dftys  in  entire  field  season 

98  '                273 

Nomber  of  davs  in  which  work  was  done 

67 
1.7 
2.5 

198 

AYerage  daily  mn  in  miles  for  entire  season 

Average  daily  run  in  miles  for  working  days 

1.8 
2.5 

These  average  runs  may  be  taken  as  finished  duplicate  work  by  the  two  parties  or 
as  single  line  by  one  party. 

The  greater  progress  made  in  the  season  of  1882  was  due  to  the  good  weather  and 
the  use  of  the  hand-car  and  the  observing  tents.  These  latter  were  made  to  be  used 
on  the  Gulf  coast  to  protect  the  iustniment  from  the  wind.  They  are  5  by  6  feet  wall- 
tents,  with  one  8- foot  center  pole,  held  at  bottom  by  eight  steel  pins.  They  allowed 
work  to  be  done  on  many  days  when  it  would  have  been  impossible  without  them. 


CONNECTIONS  AT  CHICAGO. 

The  object  of  carrving  the  line  to  Chicago  was  to  connect  with  Lake  Michigan. 
The  Lake  Survey  had  determined  the  elevation  of  certain  bench-marks  at  MilwauKee, 
as  well  as  the  mean  elevation  of  Lake  Michigan,  for  the  months  of  May,  June,  July, 
and  August,  1875,  and  also  the  mean  elevation  of  the  lake  from  January  1,  1860,  to 
December  31,  1875,  above  mean  sea-level  at  New  York  City. 

At  Chicago  a  gau^e  had  been  read  three  times  a  day  at  the  crib,  being  the  entrance 
to  the  tunnel  two  miles  from  shore,  since  1872.  This  gauge  had  apparently  remained 
undisturbed  since  it  was  first  set.  Its  zero  was  set  at  8.01  feet  above  city  directrix 
by  spirit  levels  carried  through  the  tunnel.  In  1878  a  water-level  connection  of  great 
accuracv  was  made  by  the  present  city  engineer,  Mr.  S.  6.  Artingstall,  between  the 
crib  and  the  shore,  and  the  crib  gauge  was  found  to  be  0.246  foot  too  low  by  the  shore 
benches.  The  crib  gauge  was  taken  as  correct,  however,  and  corrections  applied  to 
the  shore  bench-marks.  By  this  decision  the  city  directrix  is  a  point  8.01  feet  below 
the  zero  of  the  crib  gauge. 

The  line  of  precise  levels  was  joined  with  eight  city  benches  and  with  the  crib 
gauge  by  water  levels.  These  water  levels  consisted  in  reading  3  gauges  on  shore  and 
2  at  the  crib  every  five  minutes  for  seven  consecutive  hours  on  a  calm  day.  This  con- 
nection from  shore  to  crib  agreed  with  that  of  the  city  engineer  in  1878  to  the  nearest 
thousandth  of  a  foot. 

Having  thus  joined  the  line  of  precise  levels  with  the  zero  of  the  crib  ^auge,  it  re- 
mained only  to  obtain  a  comparison  of  gauge-readings  at  Chicago  and  Milwaukee  to 
transfer  the  Milwaukee  elevations  to  Chicago.    Thus  the  Mississippi  River  line  of 

grecise  levels  is  joined  to  the  United  States  Luke  Survey  line  of  levels  from  New  York 
ity.     (For  a  description  of  the  detennination  of  the  elevation  of  the  Great  Lakes, 
see  Professional  Papers,  Corps  of  Engineers,  No.  24,  p.  595.) 

The  following  recorders  have  assisted  ou  the  work :  A.  Ramel,  P.  P.  Sanborn,  A. 
L.  Amer,  E.  K.  Woodward,  jr.,  and  8.  J.  Fitzhugh,  all  of  whom  discharged  their 
duties  with  credit.     My  assistant,  Mr.  O.  W.  Ferguson,  deserves  especial  mention  for 
the  accuracy  and  rapidity  with  which  he  has  always  done  his  work. 
Very  respectfullv,  your  obedient  servant, 

J.  B.  JOHNSON, 
United  States  Aaaistant  Engineer 
7<^8t  Lieut.  Smith  S.  Leach, 

Secretary  Mississippi  Hirer  Commission. 


REPORT   OF    THE    MISSISSIPPI    RIVER   COMMISSION. 
\.  Beport  an  reduction  of  precise  levels,  by  L,  L.  Wheeler,  assistant  engineer. 


57 


Cottonwood  Point,  Mo., 

Ootoher  29,  1883. 

Sir:  I  hare  the  honor  to  suhmit  the  following  report  upon  the  redaction  of  precise 
levels,  made  under  my  direction.  These  levels  include  the  following  sections:  From 
Carrollton,  La.,  to  Biloxi,  Miss.,  a  distance  of  140  kilometers ;  from  Grafton,  111.,  to 
Cairo,  111.,  a  distance  of  346  kilometers;  from  Keokuk,  Iowa,  to  Qrafton,  HI.,  a  dis- 
tance of  ^2  kilometers;  and  from  Keokuk,  Iowa,  to  Fulton,  111.,  a  distance  of  267 
kilometers. 

In  the  reductions  made  under  my  direction,  the  greatest  care  has  heen  taken  that 
no  errors  of  computation  should  enter  into  the  results.  All  reductions  have  been 
checked,  either  by  comparison  with  the  corrected  field  riHluction,  or  by  two  persons 
computing  the  same  results  independently.  It  is  therefore  belieyed  that  the  results 
here  given  may  safely  be  taken  as  the  correct  ones  resulting  from  the  observations. 

In  these  four  sections  the  instruments  used  were  alike,  and  the  method  of  field  work 
nearly  the  same  throughout. 

The  instruments  and  rods  were  manufactured  by  J.  Kern,  of  Aarau,  Switzerland, 
and  are  similar  to  those  described  in  the  Report  of  the  Chief  of  Engineers  for  1877, 
pM»1190. 

Table  A  shows  the  various  determinations  of  the  instrumental  constants  up  to  the 
date  of  the  completion  of  the  line  from  Keokuk  to  Fulton. 

Table  B  shows  the  instrumental  constants  used  in  reducing  the  notes  of  each  section, 
and  the  compaters'  names.  In  this  table  %  and  i'  are  the  angular  distances  of  the 
upper  and  lower  wires,  respectivel^r,  from  the  midwire,  aud  I  is  the  aneular  distance 
between  extreme  wires.  The  remainder  of  the  table  is  sufficiently  explained  by  the 
headings  of  the  columns. 

Table  A. — Ckmstants  for  'Kern  levels  and  Kern  level  rods. 

[p  is  for  "pivot  correction,"  or  correction  for  inequality  of  telescope  rings.  It  is  the  angular  oorrec- 
Uon  to  he  applied  to  the  line  of  collimation  to  reduce  it  to  the  horizontal  plane  of  the  upper  surface 
of  the  rings,  v  is  the  value  of  one  division  of  the  level  tube  in  seconds  of^  arc.  L  is  the  length  of  a 
three-meter  rod.] 


Nomber  of  instrument. 


Sera  level. 


Kern  level  tube. 


.1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
3 
3 
3 
5 

.2 
2 
2 
2 
2 
3 
8 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 
7 

11 


Constant. 


Date. 


No.  of 
observa- 
tions. 


// 


p  = 

—  0.34 

p  = 

—  1.04 

p  = 

—  1.50 

p  = 

—  2.66 

p  = 

—  1.38 

p  = 

-3.52 

p  = 

—  L91 

p  = 

—  2.46 

p  = 

+  0.99 

p  = 

+  0.50 

p  = 

+  1.84 

p  = 

+  2.63 

p  = 

+  0.17 

p  = 

+  0.19 

p= 

+  1.10 

p  = 

+  2.71 

p  = 

—  0.37 

r= 

—  1.85 

V  — 

4.08 

V  = 

3.83 

V  = 

4.49 

V  = 

5.60 

V  = 

4.61 

V  = 

3.06 

V  = 

3.25 

V  = 

3.27 

V  = 

3.22 

V  = 

2.90 

0  = 

3.24 

V  = 

3.04 

V  = 

8.21 

V  = 

8.19 

V  = 

2.94 

V  = 

2.85 

V  = 

2.76 

V  = 

2.86 

V  s= 

4.25 

V  = 

2.66 

Aug.  14, 1880 
May  24. 1881 
Aug.  11, 1881 
Aug.  27. 1881 
Feb.  3,1882 
Hay  11, 1882 
June  24, 1882 
Doc.  20,1882 
Aug.  16, 1880 
Oct  22,1880 
Jan.  8. 1881 
May  26, 1881 
Feb.  4,1882 
Mav  11,1882 
June  24, 1882 
Sept  6.1882 
Dec  21,1882 
Feb.  4. 1882 
Aug.  14, 1880 
Aug.  16. 1880 
Aug.  19, 1880 
Jan.  8, 1881 
Mar.  15. 1881 
Oct.  7, 1880 
Oct  9, 1880 
Jan.  7,1881 
Oct  14.1881 
May  24, 1881 
Aug.  9,1881 
Aug.  27  1881 
May  6,1882 
June  23, 1882 
May  26, 1881 
Aug.  9,1881 
Aug.  27, 1881 
May  7,1882 
Aug.  13, 1880 
Aug.  21, 1880 


Probable 
error. 


42 

10 

10 

10 

7 

14 

10 

8 

4 

8 

16 

8 

5 

14 

10 

6 

8 

5 

74 

33 

37 

23 

31 

24 

28 

32 

30 

10 

10 

10 

6 

12 

6 

36 

10 

6 

80 

19 


± 
± 

± 


0.30 
0.18 
0.05 
0.06 
0.09 


± 
± 
± 
± 
± 
± 
± 


0.06 
0.13 
0.08 
0.07 
0.02 
0.03 
0.11 


±  0.06 


Bemarks. 


±  0.10 
±  0.05 


±0.04 
rl:  0.02 
±0.03 


±0.02 
±  0.01 
±0.03 
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Table  A. — Constants  for  Kern  levels  and  Kern  level  rods — Continued. 


Knmber  of  inatrament 


Kern  leveling-rod X 


XI 
XI 

xn 

xn 

xm 


xm 

XIV 

XV 

XVI 

xvn 


Constant. 


L= 
L= 

L=r 

L= 
L= 
L= 
L= 


L: 
L: 
L: 
L: 
L: 


3.000011 
3.000280 
8.000102 
3.000303 
2.999919 
3.000113 
3.000070 


8.000293 
3.000029 
3. 000159 
8.000033 
8.000133 


Date. 


C  June,  1880 
\  Aag.,1882 

AQg.,1882 


5  Jane,  1880 
I  Aag.,1882 

Aag..l882 

C  Jane,  1880 
{Aag.,1882, 

Ang.,1880 

C  Jane,  1880 
{Aug.,  1882 

Aag.,1882 
Aag.,1882 
Aug.,  1882 
Aag.,1882 
Aag.,1882 


} 


No.  of 

observa- 

tiona. 

Probable 
error. 

ti 

Bemarka. 


Mean  of  Lake-Surrey 
determinations,  ana 
Uioae  in  office  oi  Mia* 
aissippi  River  Com- 
miauon. 

Mean  of  Lake-SnrreT 
determinationa.  ana 
thoae  in  office  of  Mia- 
aiaaippi  Biyer  Com- 
miaaion. 

'Mean  of  Lake-Soryev 
determinationa.  and 
thoae  in  office  of  Mia- 
aiaaippi  Biver  Com- 
misaion. 

'Mean  of  Lake^nrreT 
determinationa.  ana 
thoae  in  office  or  Mia- 
aiaatppl  Biyer  Com- 
miaumL 
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Accompanying  thia  report  are  tables  of  resnlts  and  descriptions  of  the  permanent 
bench-marks. 

In  the  tables  of  results  column  1  ^ives  the  bench-mark,  T.  B.  M.,  signifying  tempo- 
rary bench-mark,  andU.  S.  P.  B.  M.,  signifying  United  States  permanent  bench-mark. 

Column  2  contains  the  distances  in  kilometers  from  the  initial  bench-mark. 

Column  3  gives  the  direction  in  which  the  line  was  leveled. 

Column  4  gives  the  successive  differences  of  elevation  in  meters  between  bench- 
marks, and  the  mean  of  such  determinations. 

Column  5  gives  the  residuals  fBund  by  subtracting  each  determination  from  the 
mean. 

Column  6  gives  the  probable  error,  r,  of  the  mean  in  column  4,  computed  by  the 
formula 


r  =  -f  0.6745 


Vm(m'— 1) 


Column  7  gives  the  probable  error  R,  of  the  mean  elevation  of  each  permanent 
bench-mark  as  computed  from  the  beginning  of  the  section. 
Column  8  gives  the  elevations  of  all  bench-marks  referred  to  the  Cairo  datum 

Slane,  which  is  2^.84  feet  below  the  zero  of  the  United  States  Engineers'  gauge  at 
lairo,  111. 

Column  9  ffives  the  corrections  which  are  to  be  applied  to  the  elevations  in  column 
8  to  reduce  uiem  to  standard  meters. 
Column  10  gives  the  corrected  elevations  referred  to  the  same  datum  plane. 
Column  11  gives  the  initial  of  the  observer  for  each  determination. 
'^  J  "  is  for  Assistant  J.  B.  Johnson. 
"F"  is  for  Assistant  O.  W.  Ferguson. 
''  P''  is  for  Assistant  J.  A.  Paige. 
"  S"  is  for  Recorder  E.  H.  Sankee. 
"  B"  is  for  Recorder  H.  P.  Bourne.  ^ 
"  Sn"  is  for  Recorder  P.  P.  Sanborn. 
"  R"  is  for  Recorder  A.  Ramel. 
Column  12  indicates  the  nature  of  the  support. 
The  above  report  is  respectAiHy  submitted. 

L.  L.  WHEELER, 

A88i8tant  Engineer, 
First  Lieut.  Smith  S.  Lbach, 

Secretary  MUHenppi  River  CommUsian, 


Results  of  precise  leveling, 

CARROLLTON.  LA.,  TO  BILOXI,  MISS, 
f Bench-marks  marked  with  an  asterisk  are  not  in  main  line  of  levels.] 


Bench. 

• 

• 

1 

1 
1 

Difference  of  ele- 
vation. 

T. 

r. 

R. 

• 

1 

• 

1 

Correoted  eleva- 
tion. 

1 

C.  and  G.  8. 1.  Car- 

Km. 

Jf. 

Mm. 

M.m. 

.Afll* 

M. 

JIfvn. 

M. 

to.  0272 

ronton. 
*B.  M.  Hampson. 
(Re-established 

—0.3732 

4.1-1 

0.7 

8.6551 

F. 

Mean.. 

—0.3710   —1.1 

F. 

by  M%).  Howell) 

a8292 
9. 7752 

—0. 3721 

*B.  M.  Hampson 

(Williams). 
*B.M.8.  Ripley... 

—0. 1980 

F. 

4-0.1 

0.1 

-f  0. 7479 

F. 

V 

Mean .. 

-f  0.7483   —0.3 

F. 

+0. 7477 

-fO.8 

J. 

+0.7480 

tP.  B.  M.  1.  Garrollton,  below  P.  B.  M 1,  Greenville  -37. 0619  M,  furnished  in  mannscript  by  the  United 
S  tates  Coast  and  Geodetic  Snrvey.    Office  Report,  641,  A.  C.    P.  B.  M.  1,  Greenville  above  Cairo 
datnm  46.0891  M.    Report  for  1882,  page  74. 
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Besults  of  precise  leveling — Continued. 
CARROLLTOK,  LA.,  TO  BILOXI,  MISS.— Continued. 


Bench. 

• 

9 

1 

.2 

Direction. 

DiflFerenco  of  ele- 
vation. 

V. 

r. 

R. 

Elevation. 

^ 

• 

1 

Corrected  eleva- 
tion. 

1 

S 

*&lL4.Riplev ...  . 

Km. 

3f.       \  Mm. 
-f  0.4899    +1.0 
+  0.4910  —0.1 
-j-O.  4917  ' — 0-fi 

Mm. 
0.4 

ifm. 

M. 
9. 5181 

Mm. 

M. 

F. 

Mean .. 

1 

F. 

J. 

—0.1 

9.0303 

+0.4909  ; 

1 

*EM.5.Bumev  .. 

1 

+0. 0032 

0.1    

F. 

1 

+0.0030  U-0. 1 

J. 

Mean.. 

+0.2 
—0.2 

10.6402 



+  0.0031 

*14-f4M>t  mark  of 

-f  1. 6128 
+L6132 

F. 

inter  gauge, 
Carrollton. 

Mean.. 

J. 

9. 1478 
7.7655 

7.3698 

0.0 

9. 1478 

+1.6130 

• 

•U.  &  P.  B.  M. 

-fO.1206 

J. 

"CarroUton." 
•CitraiCmarked 

[XX     M.      B., 

Jooe.  1874J. 
T.B.M.1 

—1. 2617 

J. 

1.03 

3.38 
3.99 

3.86 
&02 

6.65 
U.48 

1L74 
5.66 
&74 

E 

B 

W 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

W 

Mean.. 

+1.2 

-Ul.  1 

0.8 



—1.6586 
—1.6585 

J. 

J. 

—1.6538  -^-8 

F. 

—1.6585 

+1.1 

_0.« 

F. 

0.5 

7.4840 

—1. 6574 

T.RM.2 

+0. 1150 

J. 

-1-0.1135  1-1-0.7 

F. 

0.0 

0.0 

6.9403 

-0.1 

6.0402 

+0. 1142 

0.0 
0.0 

U.&P.B.1L1.... 

—0.5437 
—0.5437 

J. 
F. 

—0.5436  '— 0.  i 

F. 

7.7633 
6. 4774 

—0.5437 

*Citjttoneat  in- 
terteetionWaab- 
isirton  and  Gar- 
ronton  avenaaa. 

T.&M.3    

+0.2793 

J. 

E 

W 

Mean.. 

-fl.8 
-L8 

1.2 

-0.4647 
—0.4611 

J. 

F. 

7.9870 
7.6305 

7.6753 

—0.4629 

•City  atones  "Half- 
way Hooae.'* 

+1.5096 

J. 

—0.3475 

F. 

nnge  at  West 
Si^V.O. 
*&M."  Height  of 
MetairieSIdge." 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

—0.1 
0.0 

-fl.9 
—2.0 

-0.2 
+0.2 

0.0 

1 
+0.0350 
+0.0358 

F. 

F. 

1.3 

6.5052 

-- 

+0. 0358 

T.RM.4 

+0.0259 
+0.0298 

J. 

F. 

0.1 

7.3039 

+0.0278 

T.RM.5 

+0. 7989 
+0. 7985 

R. 

F. 

+0.7987 
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Results  of  precise  /ere/tii^— Continued. 
CARROLLTON,  LA.,  TO  BILOXI,  MISS.— Contimied. 


Bench. 


♦U.aP.B.M.2... 


*City  stone  in  city 
park. 


XJ.aP.B.M.8. 


T.B.M.7 


T.B.H.8 


T.B.H.9 


X. B.  jf .  10  .....•■. 


T.B.M.12 


JL .  B.  H.  13  .«'..•• 


T.B.M.14 


T.B.M.15 


T.B.M.16 


T.  B.  M.  17  ...... 


X.  15.  .Bb..  lo  ..••••■  I 


s 


Km. 
e.76 


8.14 


8.30 


9.27 


9.63 


11.86 


1Z67 


13.88 


14.86 


16.20 


1&&5 


19.29 


20.26 


20.90 


E. 
W 


Mean. 


E. 
W 


Mean 


E. 
TV- 


Mean 


E. 


Mean. 


E. 
W 


Mean 


E. 


Mean. 


E. 


Mean 


o 


If. 

+  1.8556 
+1.8552 


+1.8654 


—1.3546 
—1. 8530 


—1.3538 


-f  0.3701 
+0. 8716 


+0.3708 


+0i  1151 
+0. 1133 


+  0.1142 


—0.2000 
—0.2063 


—0.2076 


+  0.2124 
+  0.2156 


+0.  2140 


—0.7277   -fO.7 
—0.7264  —0.6 


—0.  7270 


Mm. 
—0.2 
+0.2 


-fO.8 
—0.8 


+0.7 
—0.8 


—0.9 
+0.9 


+1.4 
-1.8 


+1.6 
—1.6 


+0.4251  +1.9 
+0.4288  —1.8 


Mean 


E. 
W 


Mean 


+0.4270 


+0.0004  —1.2 
+0.0069   +1.3 


+0.0082 


E I  +0. 1P84  '—0.8 

W +0.  lb«7  j+0.9 

Mean..'  +0.1876  I 


E —0.5257  +0.4 

W 1  —0.5249  U--0.4 


Mean..  I  —0.5253 


E. 
W 


—0  0533  +0. 1 
—0.0530  i— 0.2 


Mean..'  —0.0532 


E I  +0.6513  +0.9 

W !  +0.5530  —0.8 


Mean..!  +0.5522 


E 1  —0.3580    +0.4 

W '  —0.3573  1—0.3 


Mean..    —0.3576 


r. 


J£m. 
0.1 


0.5 


0.5 


0.6 


0.9 


LI 


0.4 


L2 


0.8 


0.6 


R. 


0.3 


0.1 


0.6 


0.2 


Mm. 
2.0 


2.1 


d 

JO 


M. 
9.1593 


7.8055 


7.6747 


—0.1 


7.7880 


7.5813 


7.7953 


7.0683 


7.4953 


7.5035 


7.6911 


7.1658 


7. 1126 


7.6648 


7.3Q72 


§ 
-.3 


8 


Mfit. 
0.0 


i 

II 


o 


M. 

9.1583 


7.6746 


t 

I 

O 


R. 
F. 


F. 
F. 


R. 
F. 


R 
F. 


R 
F. 


R. 
F. 


R. 
F. 


R. 
F. 


F. 


R. 
F. 


R. 
F. 


R. 
F. 


R. 

F. 


R. 
F. 
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Results  of  precise  leveling — Continued. 
CARROLLTON.  LA.,  TO  BILOXI,  MISS.— Continued. 


Bench. 


T.B.1L19 


T.B.lL20aiid20a 


T.&1L21 


T.B.lL22and22a 


T.B.1L23 


T.B.M.24and24a 


T.B.lC.2Sand25a 


T.&1L36 


T.B.1C.27 


T.B.M.29aod29a. 


T.  B.  IC.  80  and  SOo. 


T.  &  IL  31  and  81a. 


U.aP.B.M.4.. 


Km, 

21.79 


22.78 


23.78 


25.  M 


28.70 


28.29 


29.92 


3L51 


33.08 


3(L42 


87.25 


87.82 


3&10 


B. 
W 


Mean.. 


E 
W 


Mean 


E. 
TV- 


Mean  .. 


Mean 


E. 
W 


Mean.. 


£. 
W 
E. 
W 


Mean 

E 

W 


Mean 


E. 


Mean .. 


E. 
W 


Mean 


Mean ., 


E. 
W 


Mean 


E. 
W 
E. 
W 


Mean.. 


E. 
W 
W 
E. 


Mean 


M. 

+0.1854 
+0. 1861 


+0.1858 


-0.2992 
—0.2993 


—0.2992 


+0. 0510 
+0.0523 


+0. 0516 


+0.3924 
+0. 3938 


+0.3931 


+0.0898 
+0. 0872 


+0. 0885 


V. 


Mm. 

+0.4 
-0.3 


0.0 
+  0.1 


+0.6 
1—0.7 


+0.7 
[—0.7 


—1.3 
+L3 


r. 


—0.0978  1—3.0 
—0.1050  i+4.2 
—0.1009  1+0.1 
_0.0997  —1.1 


-0.1008 


-  0.2830  1+1.0 
—0.2810  —1.0 


—0.2820 


+  0.3119 


+0.3158  —2.0 


+1.9 


'0. 3138 


—0.2046  —1.6 


—0. 2076 


—0.2061 


+1.5 


+3.4 


+0.0807 
+0.0912  —7.1 
+0.0804   +3.7 


+0. 0841 


+0.6914  —0.4 
+0  5905  1+0.6 


+0. 5910 


+0.2347  —0.7 
+0.2336  1+0.4 
+0.2333  +0.7 
+0.2342  —0.2 


+0.2340 


+-0.4191  — 3.» 

+0.4173  —1.6 

+0.4101  +5.6 

+0.4164  -0.7 

+0.416r 


J£m. 
0.2 


0.0 


0.4 


0.5 


0.9 


LO 


0.7 


1.3 


1.0 


2.4 


0.3 


0.2 


1.3 


2£m. 


4.8 


M. 

7.4930 


7.1938 


7.2464 


7.6386 


7.7270 


7.6262 


7.3442 


7.6680 


7.4519 


7.6360 


8.1270 


&3610 


8  6427 


Mm. 


0.0 


t 

'3 

1 


I 


8.6127 


& 


o 


J. 


J. 
p. 


J. 

F. 


J. 

F. 


J. 
F. 


J. 
F. 
J. 
F. 


J. 
F. 


J. 
F. 


J. 
P. 


J. 
F. 
F. 


J. 
F. 


J 
F. 
J. 
F. 


J. 
F. 
J. 
J. 
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Eesults  of  precUe  leveling — Continaed. 
CARBOLLTON,  LA.,  TO  BILOXI,  MISS.-^ontinue(L 


Benoh. 

1 

1 

Difference  of  ele- 
vation. 

< 

• 

r. 

R. 

i 
1 

• 

§ 

8 

1 

• 

Corrected  eleva- 
tion. 

u 

9 
t 

s 

T.B.M.32and32a. 

Em. 
39.67 

41.24 

42.32 
44.62 
46.81 
49.51 
51.65 
52.70 

53.62 

56.57 
56.92 
57.68 

58.62 

1 

E 

W 

Mean.. 

E 

W 

E 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

E 

Mean.. 

E 

W 

W 

Mean . . 

E 

W 

Mean.. 

W 

W 

Mean.. 

E 

W 

E 

W 

Mean.. 

E 

W 

Mean.. 

—0.7311   —1.7 
—0.7345    -4-1-7 

2£in» 
1.1 

Mm, 

M. 

7.6282 

M.m, 

if. 

J. 

F. 

4.1.6 

1.1 

7.7242 

• 

-0.7328 

T.B.M.32t 

+0.0944 

J. 

-f  0.0994  !— i4 

F. 

+0.0942 

+1.8 

. 

J. 

0.5 

7.9554 

'*^"" 

+0.0960 

T.B.M.33and33a. 

+0.2304 
+0. 2319 

+0.8 
—0.7 

—2.4 
+2.4 

—1.1 
+1.2 

+0.5 
—0.6 

-1.4 
+1.3 

+1.0 
—1.3 
+0.4 

-+0.7 
—2.2 

+1.4 

+8.0 
—3.0 

J. 

F. 

1.6 

7.4206 

+0. 2312 

T.B.M.34and34a. 

—0.  .•'324 
—0.5372 

J. 

F. 

0.8 

&2658 

—0.5348 

+0.844i3 
+0.  8440 

J. 

F. 

0.4 

8.1688 

+  0.8452 

T.B.M.36 

—0.0975 
-0.0964 

J. 

F. 

0.9 

7.2710 

—0.0970 

T.B.K.37and37a. 

—0.8964 
—0.8991 

R. 

1 

F. 



7.2837 

—0.8978 

0.5 

T.B.M.37t 

+0.0117 
+0. 0140 
-f  0. 0123 

R 

F. 

J. 

0.7 

7.2395 

-f-0.0127 

T.B.M.38and38a. 

—0.0449 
-O.0420 
—0.0456 

R. 

F. 

.......... 

F. 

2.0 

&7060 

—0.0442 

T.  B.M.39and80a. 

-f  1.4625 
+1.4686 

J. 

F. 

0.4 

6.7 

6.9510 

-0.1 

6.9509 

+1.4655 

+6.5 
—0.6 

♦U.S.P.B.M.6... 

—1. 7545 
—1.7534 

F. 
F. 

—fl-.'i 

0.4 

8.7365 

—1.7540 

T.B.M.40and40a. 

-f  0.0320 

J. 

+0.0301    +1.4 

,+0.0311   -H).4 

+0.0327  —1-2 

F. 

••••f*** 

J. 

F. 

-0.3 
+0.3 

0.2 

7.6257 

-f  0. 0315 

T.B.>L41and41a. 

—1. 1105 
—1.1111 

R. 

•••••• 

F. 

—1. 1108 
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B€9¥Us  of  precise  leveling — ContiDuecl. 
CARROLLTON,  LA.,  TO  BILOXI,  MISS.— Continoed. 


Bench. 

a 
Q 

Direction. 

•i 

5 

M. 

—0.0942 
—0.0943 

V. 

Mm. 

0.0 
+  0.1 

r. 

Mm. 
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E. 

Mm. 




• 

1 

M. 
7.5315 

Rod  correction. 

¥ 

o 
O 

M. 

t 

T.  B.M.42and42a. 

Km. 
60.84 

62.48 

63.50 

64.98 
66.18 

67.39 
67.91 

67.97 

68.98 
69.86 
70.41 
71.49 
72.28 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W  ..... 

E 

W 

Mean.. 

E 

W 

Mean . . 

E....... 

W 

E 

Mean . . 

E 

W 

Mean.. 

E 

W 

W 

Mean.. 

Mm. 

R. 

F 

7.8005 

-0.0942 

0.2 





T.aM.43 

+0.2693 

—0.3 

J. 

+  0.2686    4-0.4 

F 

8.0899 

+  0.2690 

+7.4 
—2.0 
-3.6 
— L6 

—0.4 
+0.4 

+2.1 
-3.2 

+  1.1 

+-1.0 
—1.1 

1.7 

T.B.M.44 

+  0.2820 
+0. 2914 
+0. 2930 
+  0.2910 

J 

F 

1 

J 

1 



F 

1 

1 
1 

0.3    

1 

i 

+a28n4 

T.  B.  IL  45  and  45a. 

—0.2867 
—0.2875 

7.8028 

...... 

J. 

F 

• 

l.l     

7.9939 

—0.2871 

T.&M.46 

+0.1890 
+  0  1943 
+  0.1900 

J. 

F 

R 

a  3039 

-+0. 1911 

0.7    

T.  B.  M.  47 

+  0.3090 
+  0.3111 

J. 

p 

0.0 

*  *•   1 

+0  3100 

1 

7.6661 

T.B.M.48 

—0.6378 

0.2 

J. 

—0.6382    +0.4 
—0.6373    -0.5 

F 

F 

-0.2 
—0.2 

9.5649 

0.0 
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—0  6378 
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+  1.8990 

0. 2  1  a  1 
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F 

+  L8983  Uo.5 

1 
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E 

E 
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W 

Mean.. 

E 

W 

Mean.. 

1 

0.0  1 
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1 
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T.&H.49and40a. 

+0.5020 

0.0 

J 

+0.  5U19  14-0.1 

F 

-0.1 

0.0  1 

7.9889 

+  0.6020 

T.aH.50 
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J. 

—0. 1792       0.  0 

F 

+0.2 
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+  0.4 

1 

7.6029 

—0.1 

7.6028 

-0. 1792 

*U.S.P.  RM.7.. 

—0. 3862 
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• 
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T.B.M.51'and51a. 
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J. 
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F 

—0.6 
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.....a. ... 
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0.3    
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Results  of  precise  leveling — Continued. 
CARROLLTON,  LA.,  TO  BILOXI,  MISS.— Continued. 


Bench. 

s 

Km. 

T.  B.  M.  53 

73.87 

T.B.M.54 

74.79 

ca 


T.  B.  M.56 

T.B.M..57 j 

I 

•U.S.P.B.M.8...! 
T.  B.  M.  58  and  58a. 

T.  B.  M.  59 

jT.  b. m. go  ........ 


T.  B.  M.  61  and  61a. 


•U.  S.  P.  B.  M.  9  . 


T.  B.  M.62  .... 


T.  B.  M.63.... 


£ 
W 


Mean .. 


E 
W 


V. 


M. 

+0.4800 
+  0.4769 


-f  0.4784 


Mean . 


—0.3155 

—0. 3153  1—0. 1 


Mm. 
—1.6 

+  1.6 


4-0.1 


T.B.  M.55and55a.     76.40 


£ 
W 


Mean . 


—0.3154 

—0.  3096  1—0. 6 
-^.3107    +0.5 


—0. 3102 


r8.36 


E. 
W 


+  0.  3038   —0. 1 
-f  0.3036  +0.1 


Mean..!  +0.3037 


79.53 


E. 
W 


+0.3254   —1.1 
+0.3232   +1.1 


Mean.. I  4  0.3243  i 


79.10 
80.87 


E +1.4204 


81.90 


83.17 


84.  G8 


E !  +0.27.'>2  +0.2 

W +0.2756   —0.2 


Mean..    +0.2754 


E '  +1.2051 

W !  +1.2047 


Mean..!  +1.2049 


E i  —0.6781 

W -0.6723 

E —0.6734 

W I  —0.6741 


Mean 


E. 
W 
£. 
W 


-0.  6745 


—0.2 
+0.2 


+3.6 
—2.2  ! 
—1.1 
—0.4 


Mean . . 


+2. 3275  ;— 0. 1 
+2. 3065  I    (t) 
+2.3267  +0.7 
+2.3280   —0.6 


85.80 


E. 
W 


+2. 3274 


—0.2700   —1.0 


—0.  2719 


85.43 


Mean 


E 
W 


Mean 


—0.2710 


+0.2808 
+0.2804 


-1-0. 2806 


86  45     E -1^0.1237 

]  W 1  +0. 1240 

i    Mean..!  +0.1238 


+0.9 


-0.2 
+0.2 


+0.1 
-0.2  I 


T.B.M.64 '    88.28     E +0.8683+3.3 


W +0.8744 

E 1  +0.8721 


—2.8 
—0.5 


Mean  . .    +0. 8716  I 


t  Rejected. 
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Results  of  precise  leveling — Continned. 
CARROLLTOK,  LA..  TO  BILOXI,  MlSS.-^ontinned. 


1 

1 

Bench. 

»                    1 

1 

• 

s 

a 
3 

Q 

• 

1 

s 

Difference  of  ele- 
vation. 

V. 

1 

1 
r. 

1 

R. 

o 

1 

M. 
13. 5173 

Rod  correction. 

u.      Corrected  oleva- 
•^                tion. 

t 
s 

T.RM.65 

Km. 
90.15 

01.66 
91.91 
91.68 
95.41 

07.66 
100.23 

102.18 

100.27 
103.54 
105.13 
106.53 

100.65 

1 

E 

W 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

E 

Mean .. 

E 

E 

W 

W 

Mean .. 

E 

W 

Mean .. 

E 

W 

E 

E 

W 

Mean.. 

E 

W 

W 

Mean . . 

E 

W 

Mean  .. 

E 

W 

Mean . . 

E 

W 

Mean.. 

E 

W 

Mean  . . 

E 

E 

Mean.. 

M.       ]  Mm. 
4-0.9075   -f2.3 

Mm.    Mm. 

0.9    

1 1 

Mm. 

J. 

- -0.0120  —2.2 
-fO.  9100   —0.2 

, 

F. 

i 

1           1 

1 

F. 

I 

1 

1 

12.0423    '   

i 

+0.9098 

T.B.M.66  and  06a 

—1.4738 
—1. 4762 

—1.2 

+1.2 

—0.9 
+0.8 

0.8 

J. 
F. 

0.6 

ao 

1 
13.5131    +0.2 

13.  5133 

—1. 4750 

-U.S.P.RM.10.J 

+1.4717 
+1. 4700 

R. 
R. 

0.3 

6.6 

1 

12.8623 

+  1.4708 

12.8621 

+0.2 

T.SwP.  RlLll  .. 

+0.  8193 
+0. 8202 

+  0.5 
—0.4 

J. 
F. 

0.5 

9.8391 

0.0 



9.3391 

1 

+0.8198 

r.S.P.RM.12... 

-2.  7030 
—2. 7016 

—0.2 
— 1-B 

J. 
J. 

—2.7053   +2.1 
—2.7028  —0.4 

...... ... 

F. 

F. 

—0.9 

0.6 

9.2912 

- 



—2.  7032 

T  R  M.GOanddda 

—0.0470 

J. 

—0.0488    4-0.0 

1 

F. 

4  8.0 

1.6 

9.5033 

f 

1 

1 

—0.  0479 

T.  B.  M.  70  and  70a. 

+0.2041 

R. 

+0.2994    +2.7 
+0.3040  —1.9 
+0.3084  —4.3 
+0.3064   —4.3 

Fi 

J. 

1 

J. 

...•..^. ......... 

F. 

4-2.4 

0.9 

12.1007 

+0.  3021 

T.  R  M.71 

+2.5050 

J. 

+2.5095   -2.1 
+2.5078   —0.4 

F. 

,,,,.,            1 

F. 

—0.4 
+  0.4 

0.3 

6.8 

9. 7359 

0.0 

• 

9.7359 

+2. 5074 

•U.S.  P.  RM.  13.. 

4  0.1430 
+  0. 1422 

J. 

F. 

0.5 

12.0837 

+0. 1426 

T.  R  M-  72 

—0.  0177 

4-0.7 

J. 

—0.0163   —0.7 

F 

4-0.2 

U.  6011 

—0.  0170 

T.  R  M.  73  and  73a. 

+  2.6072 

0.2    

J. 

+  2.0077  :— 0.3 

! 

F. 

4-1.0 

: 

h  2. 0074 

T.RM.74and74a. 

f- 1.4524 

0.7    16.1445 

J. 

-^.  4545  |— 1. 1 

+  1.4534  1 

—0.3790    -0.4 
-0  3799    4-0.  5 

F. 

-C.S-P.RM.14.. 

0.3       7.0 

15.  7651 

+  0.3 

15.7654 

J. 
F. 

1 

1 
1 

- 

-0.  3794 
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Results  of  precise  leveling— Continued. 
CARROLLTON,  LA.,  TO  BILOXI,  MISS.— Cod  tinned. 


Bench. 


8 
I 


a 
o 
♦3 


T.B.M.75 


T.B.M.76and76a. 


T.B.M.77 


T.B.M.78and78a 


*U.  8.  P.  B.  M.  15  . . 


T.B.M.79 


T.B.M.80aud80a. 


JL.  B.  va.,  81  ....... 


T.B.M.82 


X. .  !>•  At •  Od  ........ 


T.B.M.84and84a. 


*U.S.P.B.M.16. 


Ktn, 
108.11 


109.69 


111.  05 


V. 


R. 


E. 
W 


Mean 


E. 


Mean 


E. 
W 


M.       '  Mm.  I  Mm.    Mm. 
—1.3508    +1.4       1.0 
—1.3479  —1.5 


-1.3494 


-f  0.0615  —0.7 


+0.0600 


+0.  0608 

i 


+  0.8 


— C.7292   —0.5 
—0.7302  1+0.5 


112. 15 


Mean..!  —0.7297 


K. 
W 


—0.5689  1+2.1 
—0.5648  —2.0 


112.25 


113.28 


114.  55 


116. 16 


117. 76 


118.98 


Mean.:    —0.5668 


E. 
W 


+  0.5097    +1.5 
+0.5128   —1.6 


Mnan 


0.5412 


E 1  —0.0952    +0.2 

W —0.  0948   —0. 2 


Mean 


E. 
W 


— O.0950 


+0.5190 
+0.5238 


f2.4 
—2.4 


Mean 


£ 


+0.  5214  i 


—0.1494    +1.6 
—0.1483  —1.5 


Mean .. 


E. 
W 


Mean 


E. 
W 


Mean .. 


120.31 


E 
W 


Meiin 


.— 0. 1478 


—0.4223  —0.1 


—0. 4224 


—0.  4224 


0.0 


—0.7872  1+0.2 
—0.7869    -0.1 


—0.  7870 


+  0.30.32  —0.4 
+  0.3025    +0.3 


+  0.3028 


120.58 


E. 
W 


—0.1892  ;+0.4 
—0. 1883   —0.  5 


Mean  . 


-0.  IF88 


T.  B.  M.  85 


T.  B.  M.  86  and  86a. 


121.  95 


E. 
W 


+  0.49(»3 
+  0.4884 


Mean..!  +0. -1804 


—0.9 
+  1.0 


0.5 


0.3 


1.4 


LO 


0.1 


1.6 


1.0 


0.0 


0.1 


0.2 


0.3 


0.0 


123.76     E +0.1588+1.7  1     1.1 


W i   +0.1622  —1.7 

Mean  ..!  +0.1605 


7.4 


d 

o 

> 


M. 
14. 7951 


14. 8559 


d 

o 

(3 

«a 

^^ 

9 

t 

1§ 

8 

|:s 

"8 

o 

« 

O 

Mm. 

M. 

14.1262 


13.5594 


7.2       14.070C    +0.2  I    14.0708 


13.4644 


18.9858 


13.8880 


13.4156 


12. 6:'86 


12. 9314 


12. 7426 


13.4208 


13.  5813 


+  0.2       12.7428 


u 

9 

t 

C 

o 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J, 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 
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Results  of  precise  leveling — Cod  tinned. 
CARROLLTON,  LA..  TO  BILOXl,  MISS.— Continned. 


Bench. 


9 


T.&1L87 


Jim. 
12S.42 


T.aM.68 1  l-ie.61 


T.KlL89aDd88a.    127.09 


E. 
W 


MeAD 


E. 
W 


Mean 


E. 
W 


Mean 


M. 

+  0.5981 
-fO.5987 


+0.5984 


—0.4868 
—0.4851 


—0. 4860 


V. 


r. 


+0. 6224 
+0.6237 


+  0.6230 


T.  &  P.  B.  IC.  17 


T.&M.90aDd90a. 


12a  02 


E. 


—0.  0846 
—0.0848 


Mm. 
+0.3 
-0.3 


+0.8 
—0.9 


+0.6 
—0.7 


—0.1 
+  0.1 


T.  &  IL  91 


T.  KM.  92  and  92a. 


T.B  11.98  and  93a 


T.BM.94 


Mean  . . :  — 0. 0847 


129.77 


E !  -f0.2909 

W '  +0.2958 


+  2.6 
—2.4 


Mean..    +0.2934 


130.81 


E. 
W 


Mean 


132.07 


E. 
W 


Mean 


+0.6190  —1.4 
+0.6162    +1.4 


+  0.6176 


—1.5360  1  +  1.0 
—1.5340  —1.0 


—1.5350 


133.22  ;  E +0.6670    +0.8 

W  ......    +0.6687  1-0.9 


Mean..    +0.6678-| 


T.  &M.95and95a. 


•U.  Su  P.  B.  M.  18 


T.&M.96 


U.&P.RM.20... 


-r.  a  P.  B.  M.  19 


134.60 


136.17 


136.61 


E ;  —0.7531    +1.5 

W I  —0.7501   —1.5 

Mean . .  I 


-0. 7516 


137.43 


13&94 


139.09 


E 
W 


Mean 


—1.  9825 
—1.9814 


-1.9820 


+  0.5 
—0.6 


E 


+  1.4731    +0.4 


W +1.4739  —0.4 


Mean.. 

+-1.4735 

E 

W 

—1. 4971 
—1.4989 

Mean .. 

-1.  4980 

E 

W 

—1.  6168 
-1.6161 

Mean^. 


—0.9 
+0.9 


+  0.4 
-0.3 


E. 
W 


-1. 6164 


—0.3447   +0.2 


—0.3443 


Mean..    —0.3445 


—0.2 


Mm. 
0.2 


0.6 


0.4 


0.1 


1.6 


0.9 


0.7 


0.6 


1.0 


R. 


Mm. 


0.3 


0.6 


0.2 


0.1 


7.6 


0.4  ! 


7.9 


7.9 


7.9 


P 
.2 


M. 

14. 1797 


13.6937 


14.3167 


14. 2320 


14. 6101 


15.2277 


13.6927 


14.3605 


13.6089 


11.6269 


13.1004 


10  1289 


&5125 


8 

-^ 

(A 

Mm. 


+0.2 


+0.2 


0.0 


8. 1680       0. 0 


o 


14.2322 


13.1006 


&5125 


8.1680 


9 

I 


J. 

F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


R. 
F. 


R. 
F. 
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Besults  of  precise  leveling — Continued. 
CARROLLTON,  LA.,  TO  BILOXI,  MISS.— Continued. 


Bench. 


U.S.P.B.M.21... 


8- foot  mark  of  tide- 
gange  atBiloxi. 


5 


§ 


So 

H 

in 


Km. 
140.02 


140.05 


E. 
W 
E. 
W 


Mean .. 


E. 


Mean . 


Jf. 

-1.8027 
—1.8010 
— 1.  7993 
—1.8022 


-1.8013 


+  0.2386 
-f  0.2394 


+0.2390 


ion. 

i 

• 

-*a 

•  . 

V. 

r. 

R. 

1 

E 

M!ted 
tion 

i 

i 

§ 

t 

>- 

E 

s 

S 

5 

o 

1 

Mm. 

Mm. 

» 

Mm. 

O 

o 

Mm. 

If. 

If. 

+-1.4 

0.5 

8.0 

6. 7112 

—0.1 

6. 7111 

J. 

—0.3 

F. 

—2.0 

R. 

+0.9 

F. 

-fO.4 

0.3 

8.0 

6.9502 

—0.1 

6.9501 

F. 

—0.4 

F. 

• 

,  GRAFTON,  ILL.,  TO  CAIRO.  ILL. 


U.S.P.B.M.I.... 
T.B.M.4 

"'6.05' 
0.43 

0.55 

S 

Mean.. 

S 

N 

8 

N 

X 

S 

N 

S 

Mean . . 

S 

N 

Mean . . 

•  • 

li)  fisii' 



"o'.i 



134. 5098 

+0.3 

134. 5101 

F. 

-0.8811  1-0.1 

F. 

1.3 

-0.  8812 

i 
! 

T.B.M.8 

4-0. 1305 
+  0.1418 

133. 7634 

F. 

F. 

+-0. 1335 
-fO.  1335 
+  0.  1471 

F. 

(River    crossing, 
Illinois  River.) 

F. 

—A.n 

•*•••■ 

P. 

+  0.  J249   -U1.4 

P. 

4-0. 1407 
4-0.1264 

-2.3 

+4.8 

-1.3 
+1.2 

P. 
P. 

0.8 

1.5 

136. 3642 

+0.3 

136.3645 

+0.1348 

U.S.P.B.M.2... 

4-2.  6021 
4-2.  5996 

F. 
F. 

135.  3311 
139.  3113 

-" 

1-2.6008 

♦H.  M.  mark,  July 

9,1880. 
TJ.S.P.B.M.3.... 

• 

2.68 

3.58 
4.28 

S 

N 

N 

Mean.. 

S 

N 

Mean . . 

S 

I:::::: 

Mean . 

4-2.9416 
4-2.  9512 

-f5.5 
-4.  1 

•  •  *  •  • 

L9 

2.4 

+  0.3 

139. 3116 

P. 
P. 

4-2.9484  i-i.3 

P. 



0.0 



134.5454 

4-2.  9471 

T.B.M.2 

—4.7659 
—4. 7659 

0.0 
0.0 

•f  3.  4 
-2.0 
-1.3 

P. 
P. 

1.1 

1        •••••• 

2. 7     142. 0716 

+0.3 

-4. 7C59 

1 
i 

TJ.S.P.B.M.4.... 

- 

^7.  5228 
-7. 5282 
-7.  '>275 

142. 0719 

P. 
P. 

p. 

-f  7.  5262 

137.  6846 

♦219-foot  mark  of 

- 

P. 

gauge  at  Grafton. 
MAOrkenxle.  B.  M.. 

4.43 
5.25 

S 

N 

Mean.. 

N 

S 

N 

S 

Mean.. 

-2.  6422 
—2.  6417 

-1-0.2 
—0.3 

4-9.1 
—0.5 
-+8.2 
-17.5 

0.2 

139. 4296 

p. 

4.2 

—2.6420 

T.  B.  M.  5 

—5.  5997 
-5.5901 
—5.5988 
—5.  5731 

133.8392 

P. 
P. 
P. 

.......... 

F. 

1 

—5.5904 
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Results  of  precise  leveling — Coutiuued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 


U.SwP.B.  M.S. 


T.  B.  IL  14 


9t 

I 

m 

5 


h 

&< 

«M 

o  • 

c 

o 

•^4 

S.2 

•^ 

£5 

o 

.« 

ju 

(B 

5 

5 

V. 


Km.  M.         J/m. 

10.88  t  S ,  +7.5875  +3.5 

I  N I  +7.5944    -3.4 


13.37 


Mean..    +7.5910 


S  . 

N. 


—9.6157   —3.3 
—9.6222    +3.2 


Mean..    —9.6190 


T.  a  M.  15 


T.  a  M.  16 


14.38  I  N. 

i  S 


Mean 


+0.1379    +0.7 
+0.1393    -0.7 


+0.1386 


15.39 


U.  Sw  P.  a  M.  6 


T.B.M.  18  ... 


15.83 


18.02 


T.  B.  M.  20 


19.13 


S    I  —0.8453  +4.0 

N 1  —0.8355    -5.8 

N ,  -0.8431    +1.8 


Mean 


-0.  8413 


S ,  +3.9243   +0.8 

N I  +3.9259   -0.8 

Mean..!  +3.9251 


N. 


Mean.. 


—1.1456    -1.2 
-  1. 14S0   +L  2 


N. 
S  . 
N. 


-1.1468 


-2.49:>4  -4.8 
-2.50.">9  +5.7 
—2.4994  —0.8 


Mean 


—2.5002 


T.  B.  M.  21 


T.aM.23 


T.  B.M.25 


19.78 


21.13 


22.29 


S    +0.28.V2    -2.0 

N j  +0.2813    +1.9 

Mean  . .  i  +0.  2832 

-1.6478   -1.6 
-  1. 6510   +1.  6 


s . 


Mean 


-1.0494 


S +-5.  4806  1-1.0 

N I  +5  4797  1-0.1 

8 1  +5.4780  +1.0 


Mean..    +5.4796 


U.  &  P.  B.  M.  7 


S I  +8.2185    -0.7 

N +8.2172   +0.6 

Mean...  +8.2178 


T.B.M.27 


23.77 


S. 

N 
N. 


r250 


tziw  -1-2.9 
-4.7169  —5.2 
—4.7243   +2  2 


T.  RM-28 


U.  S.  P.  R  M.  8 


24.03 


27.76 


Mean 


7221 


S I  —0  6382    -1.2 

N I  -0.6407    +1.3 


Mean  . .    —0.  6394 


N ;  +6.8074    +0.6 

S I  +6.  8086   —0.  6 


Mean..    +6.8080 


r. 

R. 

Mm. 
5.5 

Elevation. 

g 

8 

Corrected  eleva- 
tion. 

Mm 
2.3 

1 ..... . 

M.         Mm. 

141.4302  +0.3 

M. 
141. 4305 

!  2.2 

131.  8112 

0.5 

13L  9498 

1 

I  .  a  •  •  • 

2.0 



131. 1085 

[ 

0.5 

6.3 

1 
135.0336  +0.3 

! 

135.0339 

0.8 



133.8868 
131. 3866 

2.1 

i 

1 
1.3 

1.qi.  6698 

' 

1.1 

130.  0204 

1 

0.4 

135.  5000 

1 

' 

4  0.3 

143. 7181 

0.4 

6.9 

143.  7178 

1          ' 

1.7  

130.  7779 

•  •  •  •  • 

i          ! 

0.8  

130. 1385 

0.4 

7.1 

136.  9465 

+  0.3 

136.9468 

! 

i 

1 

1 

t 

s 

.a 
O 


F. 
P. 


F. 
P. 


P. 

F. 


F. 
P. 
F. 


P. 
P. 


P. 
P. 


P. 
F. 
F. 


F. 
P. 


P. 
P. 


F. 
P. 
P. 


P. 
P. 


F. 
P. 
F. 


F. 
P. 


P. 

F. 
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RetulU  of  precise  leveling — Continued. 
GRA.FTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 

Distance. 

• 

5 

|§       1 

5       i 

1 

1 
V. 

r. 

R. 
Mm. 

Elevation. 

Rod  correction. 

1 

• 

«  o 

1^ 

o 
O 

M. 

• 

I. 

o 

*209-foot  mark  of 

Km. 

M.         Mm. 

Mm. 

M. 

134. 9313 

Mm. 

({[aufte  at  Alton. 

28.27 
29.24 
30.08 

80.99 

32.30 
84.36 
35.95 
38.40 
40.18 

41.06 

41.51 
42.00 

s 

N 

Mean.. 

S 

N 

Mean  .. 

S 

N 

S 

Mean , . 

S 

N 

S 

Mean.. 

S 

N 

Mean .. 

S 

N 

Mean .. 
« 

N 

S 

Mean . . 

S 

S 

Mean .. 

S 

N 

Mean . . 

S 

N 

Mean  .. 

S 

N 

N 

Mean .. 

S 

N 

Mean .. 

S 

N 

N 

S 

Mean . . 

+  1.7355    —1.2 

0.8 

■ 

138.6808 

F. 

+  1.7331 

+1.2 

-0.9 
+1.0 

-4.3 
4-4.2 

P. 

j 

154. 4612 

+  1  7343 

1 
154.4608   +0.4 

U.  S.  !•.  B.  M.  9  . . . . 

+15. 7809 
+15.7790 

0.6 

7.2 

F. 
P. 

• 

1.7 

+  15.7800 

^    m      Mfm      ■*"  ■     OJS      ■■••«•*- 

—16.  3592 
-16. 3677 

138.0973 

F. 

F. 

—16.3635       0.0 

F. 

—10.3635 

-1.1 

+  1.9 
—0.7 

-4-2.2 

1 

. 

T.  B.  M.  34 

-5.2816 
-5.  2846 
-  5. 2820 

0.6    '  132  filifl 

F. 

P. 

F. 



-5. 2827 

\ 
\ 

132.6890 

x.  B.  ul.  3d  ........ 

—0. 1278 

1.4 

F. 

—0. 1235  :— 2. 1 

P. 

-0.1256 

+0.7 
-0.7 

-0.3 
+0.3 

+  2.7 
-2.7 

+2.2 
-2.3 

-0.3 
+0.3 

135. 8949 

T.  B.  M.  38 

+2. 7052 
+2.7066 

0.5    

F. 

p. 

0. 2       7. 6 

136.0454 

+0.3 

136.0457 

+2.7059 

U.S.P.RM.10... 

+0.6508 
+  0.6502 

P. 
F. 

1 

132.8039 

+0.6505 

1.8 

T.  B.  M.  42 

—3.  2442 
—3.2388 

F. 

1 

F. 

-3.  2415 

—0. 1474 
-0. 1429 

L5  1 132.6587 

j 

F. 

F. 

• 

+0.3 

132. 2312 

-0. 1452 

*U.S.  r.B.M.ll.. 

-0.  4275 
-0.  4281 

0.2       ao     132.2309 

F. 
F. 

1 

—0. 4278 

— .^2 

1 

T.  B.  ui .  4t> ........ 

-0.  2C74 

1.1  1 i   132..')881 

F. 

—0.2722    +1.6 
—0.2721   -^-1.5 

i 

F. 

' 

p. 

-0.  2706 

4-1.1 

0.7 

130. 0342 

...... .... 

T.  B.  M.  46 

—2.  3550 

P. 

-2.3528  '—1.1 

P. 

0.6 


-2.  3539 

T.  B.  M.  47  (liver 

-0.  0445 
-0.  0162 
—0.  0126 



130. 0046 

F. 

crossing,     Mis- 
sissippi River). 

1   

F. 

-1.0 

i 

P. 

-0.0449    -1-0.9 

P. 

-0.  0296 

! 

! 
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Results  of  precise  leveling — Continned. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 


T.  B.  M.  53 


T.  B.  jL  56 


a 


Km. 
45.76 


o 


9i 


V.        r.        R 


if.       i  Mm.  I  Mm.  '  .^m. 

S i  -fl.85«0   +0.6  1    0.4  1 

S +1.6503   -0.7    ! 


Mean..'  +1.8586 


48.60 


S '  +8.0673 

S +8.0G14 


Mean..    +8.0G44 


r.&P.  B.M.12., 


T.  a  M.  01 


T.BM.e2 


T.B.M.«5 


T.B.1LC7  .... 


T.B.1L00 


T.  B  M-  70 


U.  S.  P.  B.  M.  13 


T.  R  M.  71 


T.  B.  M.  75 


T.  B.  M.  76 


T.B.  11-77 


40.41  '  S 


-2.0 
+  3.0 


2.0 


a 

o 
.«. 


M. 

13L86a2 


139. 9276 


+5.7337    -0.5  ;     0.4  I    a4  |  145.6608 


S I  +5.7326  j+0.6 

Mean..!  +5.7332 


5L03 


S 

s 


-5.6617    -1.0 
-5.6637    +1.0 


0.6 


130. 9081 


Mean.. I    -5.6627 


51.85 


S I  .^3.0020    -0.6 

S 4  3.0007  1+0.7 


0.4 


Mean..!  +3.0014 


54.50 


S 

s 


-5.1755    +1.5 
-5. 1726  —1. 4 


LO 


Mean..    -5.1740 


56.22 


S ,  —2.3581    +5.3 

N -2.3508  1-2.0 

S -2.3404   -3.4 


1.8 


57.29 


58.30 


Mean..    -2.^528  ; 


S +3.9197   -K5 

S ,  +3.9168   +1.4 


1.0 


Mean  ..    +3.9182 


142.9995 


o 


Mm. 


+0.3 


137.8255 


135. 47-27 


139.3909 


S —2.4299   -1.3 

S —2.4330  1  +  1.8 

N -2.4307   -0  5 

Mean 


0.6 


58.91 

y 

59.62 
62.62 


S 

N. 
S  . 


Mean 


-2. 4312 


136.9597 


+0.6845  +0.2 
+0.6834  +1.3 
+0.6861    -1.4 


0.5       8.7     137.6444 


S  , 

N. 


Mean 


N. 
S. 


63.66 


64.5? 


Mean 


S, 

N. 


Mean 


S. 

N. 


Mean., 


+0.  6847 


+0.1868    +0.6 
+  0.1880    -0.6 


0.4 


i" 


+0. 1874 


137. 8318 


^i-0.3 


+  3.  0056    +1.0 
+3.6076  1-1.0 


0.7 


141. 4384 


I 

t 

o 
O 


a 
o 

•a 


if. 


145.6611 


137.6447 


+3. 6066  I 

—  I  i  I 

0.7366  1—0.6  !    0.4  , 1  140.7012 


-0.7379 


-0.  7^72 


+  0.7 


-5.5370    -2.0 
—6.5409    +1.9 

— 5.53fH)  I 


9 


.a 
O 


P. 
F. 


P. 
P. 


P. 
F. 


P. 
F. 


P. 
F. 


P. 
F. 


P. 

S. 
F. 


F. 
P. 


F. 
P. 

8. 


F. 

8. 
S. 


F. 

8. 


S. 
F. 


F. 

S. 


F. 

S. 
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HesultB  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 

s 

1 

Km. 


66.52 

67.84 

1 

68.68 
60.82 

70.51 

Direction. 

« 
o   . 

9  O 

0.2 
as 

£5 

i2 

Q 

M. 

+  0.9570 
+  0.9581 

V. 

Mm. 
+  0.6 
— 0.  5 

r. 

R. 

Mm. 

8.8 

1 

M. 
136. 1108 

Rod  correction. 

Corrected  eleva- 
tion. 

• 

> 

1 

• 

*U.8.P.B.M.14.. 

N 

S 

Mean  .. 

N 

S 

Mean .. 

N 

S 

Mean  .. 

N 

S 

Mean . . 

N 

S 

Mean .. 

S 

N 

Mean  .. 

S 

S 

Mean .. 

S 

N 

S 

Moan .. 

S 

N 

Mean . . 

S 

S 

N 

Mean .. 

S 

N 

Mean  .. 

Mm. 
0.4 

Mm. 
+0.3 

M. 

136. 1201 

p. 

p. 

—0.1 

i 

+0.9576 

! 

*B.   M.   on    liigli- 
service  chimney, 
Saint  Lonis  wa- 
ter-works. 

-1.2800 

0.1    134.8397 

p. 

—1.2802    -4^0.1 

p. 

-2.6 

1 

1 

:                           i 

-1.2801 

*B.    M.    on    low- 

+0.4872 

1.7    135.3243 

p. 

service  chimney, 
Saint  Louis  wa- 
ter-works. 

+0.4820    4-2.6 

p. 

-0.7 

-..[.... |--   . 

1                    ' 

1 

' 

+0.4846 

*B,  M.   0T»  r^tton- 

—2.  2877 

0.4    13a  0350 

p. 

wood  tree.  Saint 

—2.2890    +0.0 

p. 

Louis     water- 
works. 

-4-0.7 

i 

1                   1 

-2.  2884 

*89-foot   mark    of 

— 4.2622 

0.5    128.7744 

1       . ..  t 

p. 

water-eauffe    at 
Saint  Louis  wa- 
ter-works. 

—4.2608   —0.7 

p: 

-0.9 

0.6 

1 

-4.2C15 

T.B.M.81 

+  3.0183 

138.1796 

F. 

+  3.0166    -^0.  S 



1 

s. 

-4.9.2 

1 

1 

+3.  0174 

1.5 

1 

A. .  m3m  Iw  ^  83  .-..•... 

+  4.8850 

143. 0624 

F. 

+4.8805   -^2  3 

p. 

4-3.1 

1 
1.1 

1 

+4.  8828 

T.  B.  M.  85 

+8.  0560 

151.1217 

F. 

-f  8.  0615    -2.2 
+8.0605    —1-2 

F. 

F. 

+  8.0593 

4-1.0 

0.6 

t 
t 

—18.  9394 

132.1833 

1... ..-___. 

F. 

— ia9375  !-0.  ft 

F. 

+  1.0 
—an 

133. 0038 

-18. 0384 

1 

+0.2 

♦U.  S.  P.  B.  M.  15 . . 

+0.9003 
+  0.0108 

0.3 

9. 1      133.  0936 

S. 
F. 

+0.0100    -0.  fl 

1 

F. 

-1.0 
+1.0 

1 

132. 2742 

+0.  0103 

i 

i 

City  Directrix, 
Saint  Louis,  Mo. 

+0.  0917 
+0.  0897 

0.7 

9. 1     132. 2740    +0  2 

F. 

s. 

; 

+0.0907 

! 

"'SO-lbot    mark    of 

131. 1331 
1.^3. 149ft 

water-eange   at 

Saint  Louis,  Mo. 

T.B.M.89 

71.37 
73.17 

S 

N 

Mean .. 

S 

N 

Mean  . . 

+0.  8749 

-UO  ft 

0.6 

F. 

+  0.8766  1—0.8 

S. 

- 

+  0.8758 

4-0  ft 

0.6 

1 

1  134  1681 

T.B.M.  92 

+  1.0174 

F. 

+  1.0192   -lo.  9 

.;....!.. 

S. 

i 

1  +1.0183 
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ReMulU  of  precMe  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continned. 


Ben^. 


T.RM.&6 


U.SuP.B.M.16 


T.  K IL  100 


77.60 


U.&P.B.M.17 


79.90 


82.43 


T.B.M.104 83.44 


*B.  M.  1,  Holman 


T.  B.  M.  105 


T.  B.  IL  106 


T.  B.  M.  100 


T.  B.  IL  112 


♦IT.&P.B.M.18 


83.78 


84.59 


80.73 


B.  M.6,  Holman. 


T.  R  M.  114 


BwlL7,  Holman. 


88.33 


i 


V. 


R. 


Jf. 

S  .  +22.8696 

N +22.8707 


ifm. 
+0.6 
-0.5 


Mm.  ;  Mm. 
0.4  ! 


Mean  . .  +22. 8702 


a 

o 


a 
o 

1 


M. 
157. 0383 


S I  +2.3069    +0.5 

N i  +2.»079  —0.5 


0.3       9.2     159.3457 


Mean.. 


S 
S 


Mean 


+  2.3074 


8 
Mm. 


+0.4 


-0.4785 
-0. 4790 


-0.  4788 


S 

S 


-20.1856 
-20. 1849 


Mean  . .  -20. 1852 


S 

N&8... 


-0.8865 
-0.8861 


Mean  . .    —0. 8863 


S. 

N. 


-3.2617 
-3.  2595 


—0.3 
+  0.2 


+0.4 
—0.3 


+0  2 
-0.2 


+  1.1 
—1.1 


0.2    158.8669 


0.^ 


0.1 


Mean  . .    —3.  2606 


0.7 


S I  -6.9739 

N I  -6.9759 


Mean..    -6.9749 


-LO  I    0.7 
+  1.0    


S +29.7024   —1.3 

N -f29.6998    +1.3 


0.9 


Mean 


-29.7011 


S -7.7744   +2.7 

N !  -7.7690   —2.7 

Mean . 


1.8 


-7.  7717 


S  . 

N. 


Mean 


N. 

S. 


Mean . . 


89.18 


89.63 


90.90 


S  . 

N. 


Mean .. 


S. 

N. 


+4.  0928     -2.  0 
+4.0888  ,  f2.0 


L3 


+4.  0908 

+  0.0.579 
-f  0.  0.584 
+0.  0581 

^0.2 

—0.3 

0.0 

0.1 


+0.0581  ; 


-24.4483    +0.1 
-24.4482  i    0.0 


0.0 


-24.4482  i 


ft 


3173    +1.6 
3203   —1.5 


1.0 


Mean  . .  I  +1. 3188 


S ;  +0.4811    —0.4 

N +0.4804    +0.3 


0.2 


Mean..!  +0.4807 


9.2     138.6817    +0.3 


137. 7954 


134. 5348 


130.  8205 


> 

So 
V53 


9 


M. 


160.  5216 


152.  7499 


9.5 


156.  8407 


156. 8988 


+0.4 


132. 3925 


133. 7113 


134.1920 


u 


150. 3461 


138.6820 


156.8992 


F. 

S. 


F. 

S. 


F. 
P. 


F. 
P. 


F. 
P. 


F. 
F. 


F. 
P. 


F. 
P. 


F. 
P. 


F. 

S. 


F. 
F. 
P. 


F. 
P. 


F. 
P. 


S. 
P. 
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Re9ults  of  precise  leveling — Continued. 
GRA.FTON.  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 


8 
I 

Q 


a 

o 

•s 


B.  M. 8,  Holman... 


Km. 
91.78 


S. 


I" 


M.  Mni, 
-1-0.9021  +2.6 
-1-0.9074   —2.7 


Mean 


B.  M.  9,  Holman . . . '    92. 75 


T.B.M.118 


♦U.S.P.B.M.19 


T.  B.  M.  119 


93.89 


94.68 


B.  M.  10,  Holmau. 


B.M.  11,  Holman. 


B.M.  12,  Holman. 


U.  8.  P.  B.  M.  20 . . 


T.  B.  M.  124 


B. M.  13,  Holman.. 


T.  B.  M.  125 


B.M.  14,  Holman. 


X.  B.  M.  126  ...... 


95  12 


97.10  t 


8  . 

N. 


+0.9047 


-1.3792   —3.8 
-1.3869  1  +  3.9 


Mean 


-L3830 


8 I  -0.9828    +3.1 

S I  -0.9777    -2.0 

N -0.9786  1—1.1 


Mean..!  -0.9797 


S -tt.5393 

N I  -6.5393 


0.0 
0.0 


Mean 


-6.5393  ! 


S 1  +0.6307  j+2.1 

N +0.6350   —2.2 


Mean..!  -f 0.6328 


8  . 

N. 


Mean .. 

^y  -  •••••• 

N 


+0.  0628 
-f  0.  0620 


+0.062t 


-0.4 
+0.4 


4-1.1273    +2.4 
+  1.1321   —2.4 


99.36 


90.40 


100.59 


100.93 


101. 45 


102.49 


102.82 


Mean..'  -f  1. 1297 


8  . 


Mean 


8. 

N. 
8  , 


Mean 


S 
S 


Mean 


S 


-1.8177 
-1.  8252 


-1.8214 


-1.6422 
-1.6423 
-1.6384 


-1.6410 


tl 


2. 0564 
0560 


-f-2.  0562 


—3.7 

+  3.8 


+  1.2 
+  1.3 
—2.6 


—0.2 
+0.2 


-1-0.7609    +0.3 
+  0.7615  —0.3 


Mean..    +0.7612 


S  . 
N. 


Mean .. 


1. 1.">89  1+1.3 
1.1562   —1.4 


-1. 1576 


8 1  -0.4530 


N 

Mean 


+1.8 


-0.  4495  —1.  7 


8  , 

N. 


Mean . . 


-0.4512 


-0.2059  1+0.1 

-0.2058  !     0.0 

I 

-0.2058 


r.    R. 

1 
1 

Elevation. 
Rod  correction. 

Corrected  oleva- 
tion. 

Observer. 

Mm. 

1.8 

Mm. 

M. 

135.0967 

Mm. 

M. 

S. 

P. 

2.6 

1  133.7137 

1 

& 

p. 

LI 

t 

132.7340 

S. 

i 

s. 

1 

p. 

0.0 

1 

1 

1 

10. 1  126. 1947 

+0.2 

126. 1949 

P. 
P. 

1.4 

133.3668 

s. 

p. 

1 
0.3  

133. 4292 

F. 

P. 

1  6 

131.5589 

F. 

[ 

P. 

2.5 

132. 7375 

F. 

S. 

0.9 

10.7 

131. 0965 

+0.2 

13L0967 

F. 
8. 

P. 

0. 1 

133. 1527 

F. 

P. 



0.2 

laa.  oi»o 

F. 

""•••*!   -  '~"   '--—'-' 

...... 

P. 

0.9 

132.7563 

1 

/ 

F. 

P. 

i 

1.2 

1 
132.3051 

F. 

......'  ......... 



P. 

0.  0 

j  132.0993 

F. 

P. 

1 
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Results  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


1 
Bench. 

t 

i 

• 

a 
5 

m 
Q 

■ 

a 
o 

1 

i 

8.1 

& 

Q 

M. 

+  1.0999 
+  1.1078 
+  1^056 

V. 

r. 

R. 
Mm,. 

Elevation. 

?      Rod  correction. 

• 

i 
•  P 

o 
Q 

M. 

Observer. 

B.M.15.Ho1man.. 

1 

Km. 
108.98 

104.28 

ioe.37 

107.16 
107.  84 
108.94 
110.46 
110.  74 
111.36 

S 

N 

S'. 

Mean.. 

S 

N 

S 

Mean.. 

S 

S 

N 

Mean . . 

S 

N 

Mean . . 

S 

N 

Mean . . 

S 

N 

Mean.. 

8 

S 

Mean . . 

S 

S 

Mean . . 

S 

8 

Mean . . 

Mm. 

+  4.5 
-3.4 
—1.2 

+0.6 
+0.6 
—LI 

+4.7 
— 7. « 

Mm. 
L6 

M. 
133.2037 

F. 

1 

p. 

S. 

0.4 

10.8 

130. 0467 

+0.2 

130.0469 

+  1.1044 

U.  S.  P.  B.  M.  21 . . . 

-3. 1576 
-3. 1576 
-3. 1559 

F. 
P. 

1 

s. 

2.6 

135. 0503 

1 •• 

1 

i 

1 

-3. 1570 

T.  B.  M.  1!28 

+  4.9989 
+5.0112 

F. 

•  •      •  •  •  ' 

s. 

+-5. 0008   -U2.8 

s. 

+L2 
—LI 

0.8 

U.2 

130. 6901 

+5.0036 

U.S.P.B.M.2?... 

-  4  3616 

—  4.3593 

130.6899    +0.2 

F. 

8. 

+0.1 
—0.2 

+  L4 
— L4 

+  0.8 
—0.9 

+  0.8 
—0.9 

—0.6 
+0.6 

_0  fi 

—  4.3604 

B.lL18.HolmRn.. 

-f  0.  9915 
H-0. 9918 

0.1      .... 
0.9    

131. 6815 
133. 8799 

■  •  •  « 



P. 
8. 

+-0.  9916 

B.H.  19,  Holman.. 

-f  1.  6970 
-f  1.6998 

F. 

8. 

0.6 

H-1.6984 

B.M.20,  Holman.. 

-2.5190 
-2.  5173 

130.8617 

F. 

F. 

0.6 

+0.2 

129. 3103 

-2.5182 

C.S.P.B.M.23... 

-1.5524 
-L5507 

1L4 

1S9. 3101 

F. 
F. 

0.4 

. « • . 

130.9884 

-1.5516 

T.B.M.,  130 

1  +L6789 
1  +L6777 

F. 

F. 

!  +1.6783 

1 

1 

i 

B.  M-  21.  Holman . . 

112.29  i  S 

N 

Mean .. 

113.90  '  S 

1   V 

;  +0.8414 

0.5  } 131.8290 

1 ^.. 

F 

+  0.8399    4.0.7 

1 

p. 

i 

1 

— O.B 

1 ' 

+  0.8406 

1 

B.  M.  22.  Holman . . 

+  0.5794 

0.4  1  132.4078 

F. 

+0.5782    +0.6 

■••••*i 

p. 

Moan . . 

1 

— «»  4 
+  2.4 

1 

+  0.2 

i 

1 

« 

+  0.5788 

B.  M.  23,  Holman. . 

11.3.48     N 

V 

f  4.  7903 
.+4.7855 

1.6 

137.1957 

F. 
p. 

Mean . . 

i 

1 

+  4.7879 

1 
0.  I  1   

137.  06.^5 

T  B.  M.133 

115.67     N 

1                  N 

-0. 1324 

F. 

-0. 1321       0.  1 

1 

1            1 

p. 

1 

116.75 

1 

^eun .. 

8 

N 

1 

+  0.9 
—1.0 

1            1                   1 

1  131.7525 

• 

-0. 1 122 

1 

U.S.  P.  B.M.24... 

-5.3121 
-5.  3102 

!    0.6 
1 

1L5  ,  131.7523  ,+0.2 

F. 
p. 

1 

I               1 

i    Mfiin . . 

-5.3112 

1 
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BeMulis  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 

1 

«     '      i 

o                      * 

P       !        Q 

Km.    ' 

117.63     S 

S 

'  s 

1    Moan.. 

118.25  S 

S 

Mean.. 

119.26  S 

S 

Mean.. 

120.14  i  S 

1  S 

1  N 

.     Mean.. 

1 

9  S 

s  *^ 

Z  «S 
C  > 

5 

V. 

Mm. 
—2.5 

r. 

R. 

Elevation. 
Rod  correction. 

Corrected  elevA- 
tion. 

■ 
Observer. 

1.B.M.134 

—8.9996 

Jfin.  !  J/m. 

1.0  1 

......I 

if. 

122.7502 

mfn. 

M. 

F. 

-9.0046 
-9.0021 

+2.5 
0.0 



S. 

..-...' 

. .........>...••. 

s. 

-9. 0021 

1                                1 

1 

B.  M.  25,  Holman . . 

+2.  0595 

.4-0.2 

0.1    124.8099 

' 

S. 

+2.  0599   —0.2 

[. ......... 

1 

F. 

.....    ...... 

1.7    

........... .......... 

+2.0597 

T.  B.M.135 

-2.3115 

-2.5 

122.4959 

S. 

—2.3166    +2.6 

F. 

-3.7 

! 

-2.3140 

1          1               ' 
1 

T.  B.M.  136 

—0. 4075 

1.3    ■  122.0847 

1 

......I.......... 

S. 

-0.4135    +2.3 
-0.4127    +1.5 

1 

...... I.. ........ 

F. 

I 

...... ....i -^ .... 

p. 

-2.3 

1 

L8    

-0.4112 

T.  r-.  M.  138 

121.05 

S 

+2.3835 

124.4659 

S. 

!  S  .   .\. 
N 

Mean.. 

121.80     S 

S 

Mean . . 

1 

+2.3758  1  +  5.4 
+2.3842    -3.0 



F. 

\ 

p. 

+  2.3812 

-0.7 

1 

0.5    

! 

123.9743 

T.  B.  M.  139 

—0.  4909 

S. 

-0.4923    +0.7 

F. 

+  4.0 

1 

1.5    

1 

127. 8216 

—0.  4916 

T.  B.  M.  141 

122.97 
123.72 

s    

N 

S    

Mean.. 

S 

+  3.8433 

F. 

+3.8512    -3.9 

p. 

—3.8473 

0.0 

p. 

1 

!  +3.8473 

li 

T.  B.  M.  142 

-0.6375 
—0.6398 

—1.1 
+  1.2 

0.8    

127.1830 

1 

F. 

N 

p. 

125. 22 

Mean . . 

S    

N 

-0.3 
1+0.2 

-2.9 

i 

123.6390 

+0.2     123.6392 

-0.6386 

0.2 

...... 

12.0 

U.S.P.B.M.25... 

—3.  5437 
,  —3.5442 

F. 
P. 

Mean.. 

—3.5440 

B.M.  31.  Holman.. 

126.96     S 

,  N 

Mean . . 

128.60     S 

1  N 

-0.  1413 

1.9  i 123.4948 

F. 

—0.1471    +2.9 

p. 

L7    

122.8620 

1 
t 

-0. 1442 

+2.5 
—2,6 

B.  M.  32,  Holman.. 

-0.6353 
-0.6302 

F. 

p. 

j 
0.2    

120. 7714 

Mean.. 

—0.6328 

T.B.M.U9 

129.58  ;  S 

N 

Mean.. 

130.06     S 

;  N 

i 

Mean.. 

V131.43     S 

!  N 

Mean . . 

—2.  0903 
—2.0908 

-0.3 
+0.2 

—1.3 

F. 
I» 

1 t 

—2.0906 

1 
0.8  1 

i 

KM. 33.  Holman.. 

+2.3763 

123.1464 

1 

F 

+2.3738    +1.2 

I 

:::::::::::::: 

p 

+  2.4 
—2.5 

j 

1            . 

1 

1 

+2.  3750 

B.M.34,  Holman.. 

—1.3996 
—1.  3947 

1.6  ' ;  121.7492  1 ' 

' 1 : 

F. 
p 

;                       1              1 

—1. 3972 

! 
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Result9  of  precise  leveling — Contiuiied. 
GRAFTON.  ILL.,  TO  CAIRO,  ILL— Continued. 


Bench. 

1 

Diatanoe. 

Direction. 

9 

•3 

*5 

Q 

M. 

+  1.0084 

V. 

r 

Mm. 
0.7 

R. 

Elevation. 

^      Rod  correction. 

• 

1 

ce 
> 

11 

o 
M. 

Observer. 

Bw  If.  2S,  Holman. 

Km, 
132.91 

8 

N 

Mean.. 

Mm. 

—1.0 

1 
Mm.  !       M. 
;  122.8460 

F. 

+  1.0064    4-1.0 



P. 

+1.0974 

—A.  9 

0.1 

12.4 

124. 6576 

+  0.2 

124. 0578 

•U.  a  P  B.M.26.. 

+  1.8112 

p 

**•**"**** 

+1:  8109   4.0. 1 

p. 

134.63 

Mean.. 

^ 

8 

Mean.. 

+-1.8110 

—1.2 

+1.1 

0.8 

.... ...... 

+0.2 

126.6790 

U.S.P.B.M.27... 

+  3.8334 
•1-3.  8311 

+3.8322 

12.4     126.6788 

P. 
F. 

! 

1 

*  94- foot  mark  of 

123.9558 

^rater-eaafEe  at 
Rnah  Tower,  Mo. 
T.  BwlL153 

136.81  8 

8 

Mean 

139.82  S 

s.. 

1 

Moanw. 
140.75  1  8 

^■::::::: 

— n.3830    +1.2 
—3.3606  —1.2 

0.8 



123. 3170 

F. 

p 

4-0.5 

0.3 

—3.3618 

T.  B.M.  156 

-1-0.4072 

i  123.7247 

F. 

+0.4082   —0.5 

P. 

+4.5 
— 0.  : 

i 

+0.4077 

1.7 


1 

1 

T.  B.M.  157 

—1.^716 
-1.0069 
—1.  0C29 

122. 6576 

F. 

F. 

-4.2 

0.0 

•••••• 

1 

•   «••    sa^*    *    • 

P. 

142.28 
143.85 
144.41 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean . . 

8 

N 

— 1.0G71 

0.0 
+0.1 

123. 5288 

T.B.1L160 

+0.  8712 
+  0.8711 

F. 

F. 

122.7192 

+  0.8712 

T.B.1L163 

—0. 8113 

4-1.7 

1.1  I 

F. 

—0.8079  —1.7 

F. 

+0.2 
—0.3 

1 

121. 5486 

+0.1 

121.5487 

—0.8096 

0.2 

12.6 

U.S.P.B.M,28... 

—1. 1708 
—1. 1703 

F. 
F. 

119.7930 

145.64 

Mean  . 

8 

8 

N 

Mean.. 

—1. 1706 

—1.8 
46.6 

—4.8 

+1.3 
—1.3 

-LO 
+0.9 

—2.5 
+2.4 

BwlL40,  Holman.. 

—1. 7538 
—1. 7622 
—1.7508 

2.3    

F. 

F. 

Y 

0.9 

—1.  7556 

1 

&M.41,  Holman.. 

146.40  '.  S 

'  8 

+  1.4165 
+1.4191 

121. 2108 

F 

F 

i 

1 

149.72 

Mean.. 
8 

+ 1.  4178 

0.6 

B.M.43.  Holman.. 

—2.8154 

—2. 8ir3 

118.3944 

1 
......1.......... 

F 

'  N 

Mean.. 

150.97     N 

S 

1     Mean  . 

1 

p 

1.6 

......|. .........  

i 
1 

—2.8164 

KM. 44.  Holman.. 

+  1.4443 
+  1.4394 

:  119.8362 

p. 

F 

1 

1 

+  1.4418 
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Results  of  pi'ccise  leveling — Coutiiiued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL— Continaed. 


Bench. 


U.S.P.B.M.29.. 


T.  B.  M.  167 


B.  M.45,  Holiuan.. 


T.  B.  M.  170 


B.  M.46,  Holman. 


T.  B.  M.  171  . 


*U.  S.  P.  B.  M.  30 


B.M.  48,  Holman. 


B.  M.  50,  Holman . 


U.  S.  P.  B.  M.  31 . 


Km. 

151. 2» 


151.66 


6  i 

*  i 

a  S  2  I    V 

0  I       as  V. 

1  .2  ' 


r.         R. 


Q 

.2 


§ 


N. 
S  . 


Mean. 


I  Jf.  I  Mm. 
'+11.2023  —1.3 
I+1L1W7    +1.3 


a 

o 

> 


Mm.    Mm.  ,       M.       ;  Mm. 
0.9  I  13.0  !  13L0372    +0.2 


S 

S 


Mean. 


+  11.2010 


—7.  4074 
—7. 4079 


—0.2 
+0.3 


0.2  ! ;  123.6296 


153.  51 


154.62 


155.18 


1.55.  91 


S 

s 


—7.4076  I 

1-3.3295    +3.3 
—3.3229  —3.3 


2.2    12d3034 


Mean..    —3.8262 


S 
S 


—1.6221   —0.4 
—1.6229    +0.4 


0.3    118.6809 


Mean...  —1.6225 


S 
N 


+  2.8847    +1.0 
+  2.8807   —1.0 


0.7  ; i  121.5666 


Mean..,  +2.8857 


S  . 
N 


—3.0724   —0.8 
—3.0740    +0.8 


0.5    118.4934 


Mean..    —3.0732 


+  6. 1939  ;— 0. 4 
;  +6.1931  1+0.4 


0.3     13.2     124  6860 


Mean.      +6.1935 


B.M.  51,  Holman. 


158.29 


160.77 


161.84 


S 

N, 


-f  1.5794 
+  1.5846 


+2.6 
—2.6 


1.7    120.0754 


Mean..!  +1.5820 


S  . 

N. 


Mean. 


—1. 1472 
—1. 1459 


+  0.6 
—0.7 


I  I 

0.4  ' 118.9288 


M 

13L0374 


+  0  2  I  124.6871 


-1.1466 


S  . 

N. 
N. 


Me^ui. 


T.  B.  M.  173 


T.  B.  M.  174 


T.  B.  M.  1T4J 


162  14 


162.  48 


162. 75 


162.80 


S 
N 


Mean. 


+  9.9707  1+4.6 
+9.  9784  —3. 1 
+  9.9769  —1.6 


1.6  I  13.4     128.0041    +0.2     128  0043 


+0.9753 


— K9c!48    —0.6 
— 8.9«60    +0.6 


0.4    119.9187 


—8.  98ii4 


S 

N, 


Mean. 


S. 

N, 


—  1.5J73    +0.7 
—1  52.')8   —0  8 


0.5  1 118.3921 


—1.  5266 


Mean . 


S  . 

N, 


— 2.V:'24   —1.3 
—2.7550    +1.3 


0.9  I.. 


11.5.  6384 


-2.  7537 


+  I.mt7    +6.1 
+  1.1608       0.0 


0.0    116. 79JJ2    ... 


Mean,  j  +1.1608 


P. 

F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
P. 


P. 
P. 


F. 
P. 


F. 
P. 


F. 
F. 
P. 


F. 

F. 


F 


F. 
P. 


P. 
1'. 
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Besults  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 


i 

m 


Km. 
B.M.53,  Holman..    164.88 


B.M.S4,Holman..    165.88 


U.  S.  P.  B.  M.  32. . .  i  166. 06 


o  . 

• 

9  a 

a 
o 

as 

V. 

4» 

s> 

£ 

(c 

Wi« 

a 

Q 

M. 

Mm 

N 

-1-8.7970 

—1.4 

S 

4-8.7941 

+  1.5 

Mean.. 

+8.7956 

r. 


R. 


p 

o 

ce 
> 


a 
o 


eg 


1 


P 

o 


o 


J/m.    Jfm. 

LO 


Jf.         Ifm. 
125.5948  i 


M. 


N -1.5969  1+3.1 

S !  -1.5906  1-3.2 


I    2.1    1  124.0010 


Mean..!  -1.5938 


N +1.1535 

S i  +1.1527 


T.  B.  M.  176 


Mean..    +1.  l.'»31 


166.92 


U.&P.RM.33. 


S. 

N. 


+  1.0474 
+  1.0479 


-0.4 
+0.4 


-fO.2 
-0.3 


0. 3     13.  7     125. 1541    +0. 2  I  125. 1543 


Mean..i  +L0476 


0.2  ; 126.2017 


.    +2.1128  1+0.4 
I  +2.1137    -0.5 


0.  3  I  13. 7  ^  128. 3149 


+0.2  ;  128.3151 


Mean..    +2.1132 


T.B.M.180 171.42 


U.  &  P.  R  M.  34  . .  -    173. 85 


S -4. 6547 

N -4.6432 


Mean..    -4.6490 


S +1.6058 

N. ..:...    +L7020 
N 1  +L7061 


+  5.7 
-5.8 


+  5.5 
-0.7 
-4.8 


Mean..    +1.7018 


T.  B.  M.182 


175.24 


S i  -0.2147  1+0.7 

N 1  —0.2132   -0.8 

S —0.2141  1+0.1 


3.8 


121. 6527 


2.0 


14.8  !  123.2540  +0.2  123.2542 


0.3  ; 123.0400 


T.  B.  K.  183 


T.  B.  M.  184 


T.  K  M.  188 


Mean..    -0.2140 


175.74 


S +1.4162    -0.8 

N ,  +1.4101    +5.3 

8 i  +1.4198  —4.4 


1.9  ' 124.4654 


Mean..'  +L4154 


176.03 


18L04 


S I  —3.3225  —0.6 

N —3.3237    +0.6 


0.4    121.1323 


Mean..'  -3.3231 


S +2.5663  i+4.3 

N +2.5749   —4.3 


2.9    123.7029 


Mean..    +2.5706 


U.&P.B.M.35..-    181.47 


S 

N. 


Mean.. 


•U.S.P.B.M.36. 


+0.9589  —0.3 
+  0.0583  1+0.3 


0.  2  j  14. 7  I  124. 6615   +0. 2     124. 6617 


+0.9586 


+  2.1172  —0.2 
+2.1168    +0.2 


Mean. 


T.&M.190 ;  181.48 


H.  Ex.  37. 


s . 

N. 


Mean 

s 


-+2. 1170 


—0.2277 
—0.2271 

—0.2274 


+0.3 
—0.3 


0.1 

14.7 

! 
126.7785   +0.2 



126.7787 

0.2 

124.4341  1 

t 

o 


p. 

F. 


P. 

F. 


P. 
F. 


F. 
P. 


P. 
P. 


F. 
P. 


F. 
F. 
P. 


F. 
P. 
P. 


F. 
P. 
P. 


F. 
P. 


F, 
P. 


F. 

P. 


P. 
P. 


F. 
F. 
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Jtesults  of  precise  UreJing — Continued. 
GRAFTON.  ILL.,  TO  CAIRO,  ILL.— Continaed. 


Bench. 


T.B.M.191 


i 


Km. 
182.48 


I 


V. 


. 

«k 

• 

a 

>' 

o 

• 

:S 

"S 

r.     i    R. 

ion. 

^ 

II 

?        ^ 

^ 

S"** 

"S 

o 

i 

K 

« 

O 



»4 
O 


s 

N 


M. 

—2.0789 
—2. 0742 


T.B.M.192 


T.  B.  M.  194 


N ;  -2.0737 

Mean..    —2.0756 


Mm.  Mm.  I  Mm. 
+3.3       LI 

— L4  

— L9  


M. 

122.3585 


183.08 


8  . 
N. 


—1.3014    +0.6 
—1.3003   —0.5 


0.4 


Mean..    —1.8008 


T.B.M.195 


184.35     S —L  3071    +4.5       L6 


N 


—1.3694    —3.2  I 
— L3613  — L3 


185.59 


Mean..'  —1.3626 


S 

N. 


+0.7499  1+1.3 
-♦-0.7524  !— L2 


Mean..    +0.7512 


T.B.M.196 186.97  i  S -0.6202    +3.6 


N. 
N. 


—0.6110   —5.6 
—0.6186    +2.0 


Mean..!  —0.6166 


T.B.M.197 ;  187.89 


•U.S.P.B.M.37. 


8  . 
N. 


—0.4995    +L9 


—0. 4957 


Mean.  I  -0.4976 


-L9 


T.  B.  M.  198 


T.  B.  M  203 


T.  B.  M.  205 


N. 


—1.2216    +1.8 
— L2181  1— L7 


Mean..'  —1.2198 


188.53 


S '  +0.3375  1+0.9 

N I  -hO.3393  !-0.9 


Mean..  I  +0.3384 


192.87 


N  


+0.8977    +1.3 
+0.9004   —1.4 


Mean..'  +0.8990 
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Resultn  of  precise  leveling — Contimied. 
GRAFTON.  ILL.,  TO  CATKO,  ILL.— Continaed. 
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Bench. 


Results  of  precise  leveling — Coutinueil. 
GRAFTON,  ILL.,  TO  CAIRO.  ILL.— Continued. 
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Results  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Brach. 


T.  B.M.245 


T.  B.  M.  2ft8 


9 

a 

S 

« 


Km. 
224.90 


o 


a 
o 


SI 

t 


226.59 


IT.  &  P.  B.  M.  43  . . 


T.B.M.250 


T.  R  M.  251 


227.43 


228.94 


230.06 


T.  B.  M.  252 


T.  B.1L254 


231.03 


23L55 


U.&RM.35 
(OkLB.  H.) 


235.80 


T.B.M.2e0 !  236.45 


IT.aP.B.M.44...'  237.50 


T.B.M.282 


238.77 


T.B.1L264 24L04 


r.a  P.  B.  M.  45  ...   242.63 


r.  S.  P.  B.  M.  46  .  ../242.93 


Q 

Q 

N 

S 

if. 

-2, 1703 
-2. 1784 

Mean.. 

2. 1744 

N 

S 

+  L5401 
-fL5364 

Mean.. 

-f  1.5382 

N 

I:::::.. 

-1-1.  R780 
4- L  5708 
-I-L5761 

Mean.. 

+1.5750 

S 

8 

-4.7333 
-4.7333 

Mean.. 

-4. 7333 

8 

8 

^^ 

40.4873 
-f  0.4790 
-1-0.4831 

Mean.. 

+0.4831 

S 

S 

-0.0728 
-0. 0752 

Mean.. 

-a  0740 

8 

S 

-0.2263 
-0.2225 

Mean.. 

-0.2244 

8 

8 

-5.1887 
-5.19-20 

Mean.. 

-5.1904 

8 

8 

—0.8909 
—0.8931 

Mean.. 

—0  8920 

8 

8 

+  10.4116 
+  10.4099 

Mean.. 

+  10.4108 

8 

8 

—2. 6381 
-2.6331 

Mean.. 

—2.6356 

8.  

8 

—1.  3084 
—1.3032 

Mean.. 

— L3058 

N 

8 

+  L9860 
+  L9871 

Mean.. 

+  1.9866 

N 

8 

—0. 1241 
—0.1255 

Mean  . 

—0. 1248  ' 



V. 

r. 

R. 

a 

o 

■»» 

ei 
> 

M. 

115.6581 

• 

a 
o 

8 

Corrected  eleva- 
tion. 

Observer. 

21m. 
—4.1 

Mm. 

'LI 

Mm. 

Mm. 

M. 

P. 

+4.«0 

'  >•*..{..»»*. 

P. 

-1.9 

1.2    

117.1963 

P. 

+  L8 

i 

P. 

-3.0 
+4.2 

L5 

1 
la  1     11&  7713 

+0.1 

118.7714 

P. 
P. 

-LI 

F. 

0.0 

1 

1 

0.0  ' IU.0.^0 



F. 

0.0 

F.andP 

—4.2 

1.6 

;   114.5911 

F. 

+4.  I 

F. 

0.0 

■ 

F. 

— L2 

0.8 

114.4471 

F. 

+  1.2 

F. 

+  1.9 

L3 

114.2227 

F. 

— Ly 

::;::::::::::: 

F. 

-L7 
+1.6 

L2 



18.3 

109.  0323 

0.0 

109.0323 

P. 
F. 

—1.1 

0.7    

108. 1403 

P. 

+  1.1 

F. 

—0.8 
+0  9 

0.6 



ia3 

118.  5511 

+0.1 

118. 5512 

P. 
F. 

+  2.5 

L7 

« •  ■  • 

115.9155 

P. 

—2.5 

F. 

+2.6 

1.7 

114. 6097 

P. 

—2.6 

F. 

+  0.6 
—0.5 

0.4 

18.4 

116.  5963 

+  0.1 

116.5964 

F. 
F. 

—0.7 

+0.7 

0.5 

las 

116. 4715 

+0.1 



116. 4716 

F. 
F. 

«6^ 


REPORT   OF   THE   MISSISSIPPI    RIVER   COMMISSION. 


Results  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO.  ILL. -Continued. 
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BeaultB  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continned. 


Bench. 
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Results  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 

1 
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i  S 

Difference  of  ele- 
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1 
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t 
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m: 
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T.  B.  M.  308 
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+0.  8635 
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F. 

1  N. ...... 

i    Mean.. 

279.11  '  S 

N 
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S 

Mean . 
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S 
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N 
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F. 

+3.6 
—3.0 
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F. 
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F. 
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F. 

1 
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1 
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F. 
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1 

F. 
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1 
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I 

+  1.2971 
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F. 
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F. 

• 
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+  3.5 

-0.2 
^0.2 

-OS 
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i  10&7640 

—1.6032 
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+  0.0515 
+0.  0445 
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F. 

1 
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•  •••••a    «•    • 

• 

+  0,0480 

1 

! 
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i ...... 
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+2.  5515 
+2.5511 

F. 
F. 
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Mean . . 

S 

+2.  5513 

1                  j              1 

T.B.M.820 

—0.  7217 

1  .0.4    1  110.5931 

...... 

F. 

I  K 

— 0.7228   +0  « 

F. 

Mean . . 

4-2.8 

1         •    •  -  •  1 

—0.7222 

1 

1 

T.B.M.321 

287.74     S 

N- 

+  0.0083 

1     1.0    110.6042 

F. 

+0.0128    -L7 
+0.0123    — l-'J 

F. 

28a  51 

S 
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s. .:.... 

N 

i 1 .J. 

F. 
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1 
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1 

• 
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+1. 1464 
+  L1477 
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F 
F. 

•   In::::::: 
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1 

1 

1 

1 . k. . . . 

I 
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^. ......... 

F. 

+  L1452 

•H.  W.  mark  July, 
1844. 
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F. 
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1 
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!  N 

i 
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N 

1  ' 

F. 

+0.2 
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—0.1 
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4-0  A 

1 

1 
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114. 7730 

+0.  2655 
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+3.0237 
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F. 

1            1 
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r 

'    0.  I     20.  5 
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1 
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1 

U.S.P.B.M.56... 

-f3.0235 
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F. 
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! 

! 
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1 

.........{ 
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S 

N 
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i 
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F. 
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F. 
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BesulU  of  precise  lereling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Contioaed. 


Bench. 


i 


Q 
JO 


9 

o    . 
®  S 

.© 


V. 


I    Km.    I 
T.  a  M.  328 ;  2W.  14 


1 
U.  S.  P.  B.  M.  57  . . .    297. 49 


Jf.       I  Mm. 

N I  —0.4683  1-0.8 

S    — 0.4f»99   +0.8 


Mm. 

0.5 


R. 


Mm. 


Mean..  I  — 0.4C91 


T.&M.331i 297.86 


S. 

N. 


+  2.7111    +2.7 
+2.7166   —2.8 


L8     20.6 


Mean .      +2. 7138 


V 


N —8.6692    +0.1 

S i  —8.6690  —0.1 


0.1 


Mean 


*8  foot  mark  of  up- 
per  flange  at 
Gray's  Po&t,  Mo. 


T.B.M.832 299.05  I 


—8.6691 


Mean 


N. 
S  . 
S. 


— L8060 
— L8031 


-L8048 


—1.7321  -5.0 
—1.7417  +4.6 
— L7376  i+0.5 


1.9 


Mean  . .  i  — 1. 7371  1 


a 

'S 
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M. 
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> 

9 

t 

"S 

, 
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(4 

9 

> 

S 

S 

Mm. 


M. 


110.9055  1+0.1 


110. 9056 


102.2364 


f 


100.4316  > 


100  4993 


r.  SL  B.  M.  74  (Old   299. 37 
KM.) 


*H.W.inark.Jalv, 
1844,  at  Gray's 
Point,  Mo. 


S +2.0451    +0.4 

N +2.0459  —0.4 
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0.3     20.7 


+2.0455 

~+8.~7797'| 
+8.7788  I. 


Mean..    +8.7792 


T.B.M.334 
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S +5.2311   —0.7 

N +-5.2298  1+0.6 
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T.  &M.335 30L66     S +0.1470-0.6       0.4 


N. 
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+0.1458    +0.6    .,. 
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111.  3240 
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T.B.M.338 
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T.B.1L340 306.18 
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S. 
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0.7 
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N. 
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liesuUa  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO.  ILL.— Continued. 


Bench. 


T.  B.  M.  34« 
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0.4    103.4036    ! 


Mean..    —1.0008 


*U.  S.  P.  B.  M.  59 


N HlJ.3483    T^2.0 

S ;  15.3515   —1.2 

S +15.3512.  —0.9 

Mean  ..  +15.3503  ! 
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N —8.2528   —2.0 
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Mean  ..I  +6.1275 
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1  3.3 
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Results  of  precise  leveling — ^Coutinued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


B<*nch. 
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S 
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1.7237 
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N +2.1215    4-2.5 


Mean..    -2.1240 


T.  B.  M.  372  . 
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S    +0.2016   -3.3 

N +0.2576  -M).7 

S 10.2556   +2.7 


Mean..    ^0.2583 


T.  B.  M.  375 


T.B.M-377 


326.37     S    —0.7727+1.1 

i  N  —0.  7706  1—1.  0 


Mean  ..    —0.7718 
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S, 
N 

N. 
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T.  B.  M.  379 
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Mean 
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S 
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N 
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-0.  0341 


+  0.0345 


+  0.3677 
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+  0.3706 


—1. 3907 
—1. 3837 
—1.  3918 

—1.3887 


-1.3 
+  1.3 


—0.4 
+0.4 


+  2.9 
—3.0 


+  2.0 
—5.0 
+3.1 
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+0.  9   0.  6 
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Rennlis  of  precipe  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 


T.  B.  M.  385 


T.  B.  M.  387 


T.  B.  M.  388 
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Km. 

338. 13 


a 

9 
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o   . 
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V.        r. 
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o 
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Jf.         Jlfm.  I  Mm.    Mm    >       M.         Mm. 

4-0.6.551    -fl.  I       0.7  i 103.0641    

-j^O.6572   —1.0 


Mean  . .  i  +0. 6562 


339.48 


8 —0.  2534    +  2.  4 

N —0.2486    -2.4 


Mean..!  —0.^2510 


340. 51 


S. 

N 

N. 


*T.  B.M.388I I  340.97 


Mean 


S 
N 


—1.2929  1+3.8 
— L2849  —4.2 
— L2896  H-O.ft 


—1.2891 


-1-1.0554  1  +  0.7 
+  1.0568  ;— 0.7 


Mean  ..    +1.0561 


♦U.S.P.B.M.66.. 


T.  B.  M.  389 


T.  B.  M.  391 


341.46 


N I  —1.1030    +0.6 

S t  -1.1019  —0.5 


Mean..!  —1.1024 


34L94  I  S —0.0876    +2.8 

N.......;  — O.0822  i— 2,6 

i  N I  —0.0845   —0.3 


Mean  . .    —0. 0848 


343.07 


S    .....-!  —0.7814   —8.4 

N —0.7952   -1-5  4 

8 !  —0.7928   +3.0 


B.  M.  55  (old  B.  M.) 


U.  8.  P.  B.  M.  2, 
Cairo,  lU. 


U.  8.  P.  B.  M.  1, 
Cairo.  Ul. 


U.  8.  P.  B.  M.  3, 
Cairo,  111. 


45*  foot     mark     ot 
water   eauge, 
Cairo,  111. 


344.64 


344.88 


345.23 


345.66 


Mean  . .    —0. 7898 


8 +1.2974  —1.2 

N 1  +-1.2950  1+1.2 


Mean . 


8 
8 


Mean . . 


+L2962 


+1.4601  ■— 1.0 
-f-1.4581  1  +  1.0 


+  1.4591 
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S 


Mean . 


8. 
N 


Mean 


—0. 4015 
—0.4078 


—2.7 
+2.6 


—0. 4042 


+2.8234    +0.7  ' 
+2.8248   —0.7 


+2.8241 


8. 

N. 


Mean . 


—3.4546    +0.4 
-3.4538  —0.4 


—3.4542 


L  6    102. 8131 


L6    1  10L5240 


0.5 


0.4 


102.5801 


21.5 


1.1 


2.9 


101.4777 


101. 4392 


100.6494 
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M. 
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» 
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0.0 
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105.8246 
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ResuUs  of  precise  leveling — Coutinued. 
KEOKUK.  IOWA.  TO  GRAFTON.  ILL. 


Bench. 


U.&P.RM.l... 

*  Zero  U.  S.  Engi- 
neer's eange  on 
caDftl.  Keokok. 
Iowa. 


i 

* 


Ktn. 


a 


C  w 

I" 


V. 


V. 


R. 


M. 


Mm. 


a 
e 

eS 


p 
o 


08 


O 

pa 


s 

N 

N 

Mean  . 


1.7631  —4.2 
1.7715  +4.2 
\.  9131       (t) 


•673 


i/m.  Mm,  \       M.         Mm. 

156.5368    +0.2 

2.8  I  151.7695  ; 


jr. 

156.5370 


♦"Canal    RM.  of 
Captain    Stick- 
nev. 


P.B.M.52ofUftp- 
tain  Mackenzie. 


-  Zero  of  U.  S.  Sig- 
nal   Service 

iJ.  S.  P.  B.  M.  3  . . . 


T.  Bw  M.  1 


T.aiL2 


F.S.P.B-M.4  .... 


T.&M.4 


U.  a  P.  JB.  M.  5 


'P.BL  AT-  53  of  Cap- 
tain MAelcenaie. 


0.31 


U.S.P.RM.2  ....!     0.45 


0.69 


2.05 


5.35 


7.69 


9.19 


S  .......    —0.0108   —1.8 

S —0.0103    —2.3 

N -0.0189    +6.3 

N i  —0.0105    -2.1 


1.4      1.4     156.5242 


Mean..!  —0.0126 


S i  +1.5121  —4.9 

S i  +1.5039  +3.3 

N +1.5016  +5.6 

N I  +1.51ia  —4.1 


L8 


.1 


158.  0440 


Mean  ..    +L5072 


S    1  +0.2179  —3.3 

S 1  +0.2166  —2.0 

N +0.2066  +8.0 

N I  +0.2174  —2.8 

i 
I 

Mean 


1.8      1.8  ,  156.7514    +0.2  I  156.7516 


S 

N. 


+0.2146  !  i 

===■  1 

—5.3178    +9.5  .1  15L4431 

—5.2988   —9.5 


Mean 


r%  '■< 


.8083 


S +4.6390   —1.0 

N +4.6368    +1.2 

S !  +4.6382   —0.2 


0. 4      I.  8 


16L3894    +0.2 


Mean..    +4.6380 


161.  3896 


S I  —4.2591    +0.6 

N I  —4.2547   —3.8 

S i  —4.2616  1+3.1 


1.4 


Mean .. 


2585 


3.37       S —0.5248+4.3       1.5 


N. 
S 


Mean  .. 


—0.5192  i— 1.3 
—0.5176    -2.9 


—0.  5205 


S  . 

N. 
N. 


Mean 


+  1.8158   —2.1       0.8      2.9 


+  1.8117 
+  1.8135 


+  1.8137 


+2.0 
+0.2 


S  . 

N. 


Mean 


—2.7100  —0.2 
—2.7103    +0.1 


-2. 7102 


S. 


Mean 


S  . 

N. 


Mean 


0.1 


157. 1309 


156. 6104 


158.i241    +0.2 


155. 7139 


+2.2941    +0.5 
+2.2952    -0.6 


0.4      2.9 


+2.2946 


—0. 3669 
—0.3669 


0.0 
0.0 


— 0i3669 


0.0      2.9 


158.0085 


15a  4243 


+0.2 


157. 6416 


158.0087 


> 

O 


J. 

F. 
F.. 


J. 
J. 
F. 
F. 


T. 
J. 
F. 
F. 


J. 
J. 
F. 
F. 


J. 
F. 


J. 
F. 
J. 


J. 
F. 
J. 


J. 
F. 
J. 


J. 
F. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


t  Rejected. 
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REPORT   OF   THE    MISSISSIPPI   RIVER   COMMISSION. 


Betiult9  of  precise  Uteling — Continued. 
KEOKUK,  IOWA,  TO  GRAFTON,  ILL.— Continued. 


Bench. 


a 
3 


Km. 
T.B.M.6 \  10.37 


T.  B.  jd..  8 


T.  B.  M.  9 


T.  B.  M.  10 


13.74 


P.  B.M.  54  of  Cap- 
tain Mackenzie. 


-  H.W.Apr.,  1881. 
at  Gregory  L<lg> 
*U.S.P.B.'M.6... 


15.68 


1C77 


19.45 

19.80 
19.57 


T.B.M.11 21.70 


T.B.M.12 1  24.19 


T.  B.  M.  13 


U.  S.  P.  B.  M.  7 . . . 


T.  B.  M.  15 


T.  B.  M.  16 


T.B.M.17 


H.  W.  1844.  li 
miles  above 
Canton,  Mo. 

H.  W.  1851,  li 
miles  above 
Canton.  Mo. 


26.50 


28.13 


30.94 


32.21 


33.86 


^ 

3) 

«M 

o  -: 

• 

9  a 

a 

w5 

o 

aS 

•*» 

t 

tS 

ft 

fi 

jr. 

S 

—2.7041 

N 

—2, 7042 

Mean .. 

-2.7042 

V. 


r. 


R. 


a 
c 


a 
o 
33 


o 


> 

9 


li 


o 


J/«».    Jfm.    Ifm. 

-0.1       0.0    

0.0    


N. 


Mean 


S  . 

N. 


4-0.0407    +2.5 
+0.0457  1—2.5 


+0.0432 


—0.1265 
—0. 1325 


Mean..  ^-0.1295 


S —0. 3650 

N —0.3643 


Mean  . .    —0. 3646 


S    -0.8667 

N —0.8694 


—3.0 
+3.0 


+  0.4 
—0.3 


—1.3 

+  1.4 


Mean  . .    —0  8680 


N I  +1.1620 


S +0.  7836  —0.  2 

N +0.7832  1+0.2 


Mean 


0.7834 


S +0.  1007  1—2.6 

N +0.0955    +2.6 


Mean  .      +0.  0981 


S I  -0.5.'>73   +L9 

N —0.5611   — L9 


Mean  . .    —0. 5592 


S I  +0.0472    +0.2 

N 1  +0.0476  —0.2 


Mean  . .  I  +0.  0474 


S I  +3.6614    +1.6 

N +3.6646   —1.6 


Mean  ..    +3.6630 


S 
N 


—0.3452    +2.0 
—0.3412    -2.6 


Mean  . .    —0.  3432 


S -  3.  9274 

N — :{.9274 


0.0 
0.0 


Mean  . .    —3.  9274 


S 

N, 


+  0.  86()*_'    +0.2 
+  0,8606    —0.2 


Mean  . .    -i-  0.  8G<>4 


S 


0.  3000 


S +0.37OO 


M. 

155.3043 


ifm. 


M. 


1.7    t  1&5.8475 


2.0       3.9  I  155.2180 


0.2  1 154.8534 


0.9       4.0     153.9854 


0.1 


1.7 


155.1474 

4.0     154.7688 


154.0835 


1.3 


0.1 


1.1 


1.3 


0.0 


0.1 


153. 5243 


153.  5717 


4.7     157.2347 


156.  8915 


152.9641 


153.  8245 


+0.2 


+0.2 


154.7690 


157. 2349 


153.  5245 
154. 1945 


I 

O 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


F. 

F. 
F. 


J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
J. 
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Results  of  precise  leveling — Continned. 
KEOKUK,  IOWA.  TO  GRAFTON,  ILL.— Continned. 


• 

Bench. 

• 

8 

a 

s 

m 

• 

5 

Km. 

T.&M.18 

36.30 

♦U.S.P.RM.8. 


•U.SuP.RM.9.. 


37.34 


37.52 


T.B.M.19 


T.aM.20 


3a37 


40.67 


T.B;.M.21 42.46 


U.&P.KIC  10. 


P.&H.5«orC»p- 
taia  Mackenzie. 


U.&P.  &M.11. 


H.W.  April.  1881, 
at  La  Orange, 
Ifo. 


•H.W.1851,  (?)at 
La  Grange,  Ho. 


T.B.U.23 


44.96 


46.88 


47.89 


.2 
o    . 

8-2 
O'  ce 

to 


V. 


r. 


M.  Mm. 

—0.8609  +2.4 

—a  8530  —5.  5 

—0.8595  +1.0 

—0.8607  +2.2 


Mm. 
1,8 


Mean..    —0.8585 


S 1  +3.8201  1-0.7 

N ,  +3.8187    +0.7 


Mean..    +3.8194 


S I  —0.2009    +0.2 

N —0.2005  ;— 0.2 


Mean..!  —0.2007 


S j  —0.1998 

N —0.2006 


Mean .. 


S  . 
N. 


Mean.. 


—0.2002 


—0.4 
+0.4 


+0.3H48  i  +  0. 1 
+0.3850  —0.1 


+0.3849 


S. 

N. 


—0.6062    +0.7 
—0. 6048   —0.  7 


Mean  . . !  —0. 6055 


S  . 

N. 


Mean 


1  8. 


+L0656  i+l.l 
+  L0678   —LI 


+  L06«7 


— L4532    +L8 
— L4496  — L8 


Mean..!  — L4514 


8 +L4184    +0.2 

Mean..!  +L41K6 


+0.1072  i— 0.2 
+0.1067    +0.3 


Mean 


Mean 


+0. 1070 


+  1.5075 
+L4903 
+L  5123 


—4.1  I 
+13.1 
—8.9  , 


+L5034  ; 


S —0.0617  —1.8 

\ —0.0678  +4.3 

S '  —0.0612  —2.3 

N —0.0632  —0.3 

Mean.. 


—0.0635 


T.RM.25 


50. 14  '  S  . 
'  N. 

■  S  . 

i  X. 


—  1.7030  +0.6 
— L701K  1-0.6 
— L704<>  +2.2 
—1.7001  -2.3 


0.5 


0.1 


0.3 


0.1 


0.5 


0.7 


L2 


46.08   S !  +L4188  I— 0.2   0.1 


0.2 


R. 


Mm. 


d 

O 

♦» 

• 

a 

2 

o 

H 

ce 

8 

> 

9 

'S 

» 

fn 

> 
.2 

t 

o 


M. 
152.9660 


5.1 


5.1 


156.7854 


Mm. 


+0.2 


156.7856 


156.5847 


+0.2 


152. 7658 


5.0 


5.1 


15&5849 


153. 1507 


152  5452 


153. 6119 


+0.1 


5.2 


152  1605 


153.  5791 


+0.1 


153. 6120 


153. 5792 


:  152.2675 


153. 6639 


LO  ; 152.0970 


0.6  150.3946 


O 


J. 
F. 
J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


P. 
J. 


F. 
F. 


F. 
J. 


F. 
J. 
J. 


J. 
F. 

J. 
F. 


Mean..  —1.7024  I 


J. 
F. 
J. 
F. 
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Results  of  precise  leveling — Continued. 
KEOKUK,  IOWA,  TO  GRAFTON,  ILL.-Continued. 


Bench. 

Distance. 

Direction. 

Difference  of  ele- 
vation. 

V. 

Mm. 
-0.8 
+  0.7 

+0.3 
-0.3 

• 

+  0.1 
0.0 

r. 

1 
R. 

! 

1 

• 

1 

a 
> 

9 

M. 

151. 2596 
... . 

• 

a 

S 

■*> 
o 

1 

Corrected  eleva- 
tion. 

Observer. 

T.B.M.26 

52. 16 
53.72 

S 

N.. ...... 

Mean.. 
a 

if. 

+0.8658 
+0.8643 

Mm. 
0.5 

Mm. 

... 

Mm. 

.... 

M. 

J. 
F. 

1 

T.  B.  M.  27 

+  0.8650 

+0.  3601 
+0.  3697 

0.2    ...f..    151.6290 

J. 

N 

F. 

56  47 
58.12 
60.57 

Mean.. 

S 

N 

Mean.. 

S 

N 

Mean . . 

N 

S 

i 
0.0  |......    150.6574    

,' 

+  0  3694 

T.B.M.28 

—0.9717 
—0. 9716 

J. 
F. 

f 

i 

—0.9716 

4-1.0 

0.7 

T.  B.  M.  29 

+0.  0598 

150.  7182 

J. 

+0.0618    —1-0 

...... 

F. 

+  5.5 
4-0.7 

1 

151. 7187 

+  0.0608 

U.S.P.B.M.12... 

+0.9U49 
+0.9997 

L5  i    5.7     151.7186    +0.1 

F. 
J. 

S 

+  1.0059    -5.5 
+  1.0011    -0.7 

J. 

60.55 

N 

Mean.. 
S 

1 

F. 

^ 

1 

I 

15L6474    

1 

+  1.0004 

*P.   B.   M.   57  of 
Capt.Mackenzie. 
*P.   B.   M.   59  of 

-0. 1712 

J. 

60.57     N 

—0.1726 

151.  5461 
ISO.  6675 

F. 

Capt.  Mackenzie. 

62.04 
63.81 
65.82 

s 

N 

Mean.. 

S 

N 

Mean.. 

S 

N 

0.5    

—1.  0519 
—1.  0503 

+  0.8 
-0.8 

+0.6 
-0.5 

J. 

1 

F. 

> 
0.4 

1 

—1.  0511 

T.  B.  M.  32 

+0.4306 
+0.  4317 

151.0987 

J. 

F. 

0.3 

6.7 

1 

r 

+  0.4312 

+0.4 
-0.5 

-0.1 
+0.1 

T.  B.  M.  33 

—1.  0042 

150. 0949 
...... .... 

...... 

J. 

—1.  0033 

F. 

0.1 

151.9145  i  +  0.1 

151. 9146 

Mean . . 

67.18     S 

N 

Mean . . 

—1. 0038 

U.S.P.B.M.13... 

+- 1.8197 
+  1.8195 

J. 
F. 

0.3 

149. 5972 

+  1.8190 

—0.4 
+  0.4 

—2.3 
+2.3 

4-2.8 

T.B.M.35 

70.76 
71.84 

S 

N 

Mean.. 

S 

N 

Mean.. 

—2.  3169 
-2.  3177 

J. 
F. 

1.5 

5.9 

150.8064 

+0.1 

150.8065 

—2. 3173 

U.S.P.B.M.14... 

+  1.2115 
+  1.20U9 

+  1.2092 

J. 
F. 

1.9 

149. 2370 

T.B.M.37 

74.12     S 

N 

Mean.. 

75.90     S 

N 

—1.  5722 

J. 

—1.5666   —2.8 

F. 

—2.3 
+2.3 

1.5 

—1.  5694 

148.4827 

1    .     t>.      Rn  .    if  n     m    m   m    u     •■■■ 

—0.  7520 
—0.7506 

J. 

1 

F. 

1 

Mean.. 

—0.7543 
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£e^uli»  of  preci$e  Iwding — Continued. 
KEOKUK,  IOWA,  TO  GBAFXON,  ILL.-^Gontiiiii6d. 


T.aiI.S9 


T.&M.40 


n.S.P.B.lI.lft. 


T.&1I.44 


T.&M.47 


*U.aP.Ri£.ie. 


T.&M.48 


*P.   R    U.   58  of 
Cjip  t.  Mack  eazie. 


•H-  W.  l«l.  at 
Haaoibal  Bridj^i;. 

*  Z«ru     uf    uppt-r 

trs'ise  at  Ilauui- 
bal  Brid;£e. 

*  Zero  uf  ;;an^  od 
dmw  pit  r  of 
H^nnibiil  Bridge 

T.&K.49 


s 

a 


T-  R  M.  52 


77.  ao 


79.49 


80.  tt 


84.18 


86L95 


88.97 


88.90 


88.90 


88.00 
89.13 


89.13 


00.88 


H.   W.,    1P51.   ftt       80.20 
UaDuibal,  Mo. 


•H.  W.,     1881.    at       90.25 

Hbjmibal,  Mo. 
U.  S.  1\  B.  M.17  ...      02.51 


94.31 


H.  Ex.  37 


I 


8. 

N. 


Mean. 


S. 


Mean. 


8. 


Mean. 


8. 


^  . 


m. 
+0.0094 
+0.0095 


+0.0094 


+0. 2576 
+0.2509 


+0.2542 


+  1.0065 
+  1.0023 


+  1.0044 


V. 


r. 


—0.2868 
—0.2365 


Mean. 


8 


Mean. 


8. 
N. 


Mean. 


8. 

S. 


8 
N 


Mean. 


—0.2366 


—0. 7815 


—0. 7788  1—1. 4 


—0.7802 


+&5296 
+6.6328 


•I- &  5310 


+4. 0618 
+4.0640 


Mean..*   +4.0629 


+0.0037 
+0.0034 


8 

N. 
S 


Mean. 


S  . 


Mean. 


+0.0036 


—3.8321 


).6481 


—9. 6261 


1.4287 
L433A 
k4299 


4308 


+  1.3548 
+  1.3005 


+  1.3576 


+  0.5584 


S. 

N. 


Mean. 

S 

N 

Mean. 


—0.5664 
—0.5640 


—0.  5652 


+0.  16H5 
+0. 1724 

-r  0.1704 


Mm. 

0.0 
—0.1 


—3.4 
+3.3 


—2.1 
+2.1 


+0.2 
-0.1 


+1.3 


+1.4 
—1.8 


+1.1 
—LI 


—0.1 
+0.2 


+2.1 
+3.0 
—0.9 


+2.8 
—2.9 


Mm. 

0.0 


2.2 


1.4 


ai 


0.9 


0.9 


0.7 


0.1 


1.0 


L9 


+  1.2  i    0.8 
—1.2 


+  1.9  i     1.3 
—2.0    


Mm. 


&9 


7.0 


7.0 


I 


jr. 

148.4921 


148.7463 


149.7607 


149.6141 


148.7339 


156.2649 


152.7968 


152.8004 


7.1 


14a  9647 
143.1487 

143. 1707 

148.3660 


149. 7236 


148.9244 
147. 8008 


I 


8 


Mm. 


+ai 


+0.2 


+0.1 


147. 9712 


149.7508 


165.2651 


147.8009 


J. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


F. 
F. 

F. 


J. 
F. 
J. 


J. 
F. 


J. 

J. 
F. 


J. 
F, 
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RetulU  of  predBe  leveling — Continaed. 
KEOKUK,  IOWA,  TO  ORAFTON,  ILL.— CoBtiniied. 


Baioh. 


T.B.M.M 


T.B.M.66 


s 
I 


U.&P.B.M.18.. 


T.B.M.M 


Km. 
97.68 


100.78 


10?.  04 


I 

5 


6 

e   . 

s| 

a'S 


8. 


if. 

— 0.88n 
— 0.58W 


V. 


r. 


Mm.  i  Mm, 

+0.0      0.6 


Meao..   —0.6808 


N. 


'  —0.0090 
—0.9098 


Meao..'  — 0. 


8 


—0.4  i  as 

+©.4    


N +0.9181 


+0.9168  —1.8  I    1.2 


Mmd..    +0.9150 


+  1.9 


104.69     8 ;  -0.0088  —L7  I    LI 

N I  —0.0067    +L7    


I     Meao. 


1.0060 


T.B.M.60 !  106.88  '  8 +0.1227      (f) 

N +0.1880  —0.6 

S I  +0.1322   +L1 


T.B.M.68 


T.&M.64 


N. 


Heao 


10&41 


♦U.8.P.B.M.19.. 


109.78 


110.66 


T.&M.66 


T.&H.66 


T.RM.67 


•U.aP.B.M.20. 


T.B.M.68 


110  46 


S. 
N. 


Mean. 


S. 

8. 
N. 
N. 


Me«n. 


+0.1839  —0.6 


+0.1883 


—0.0066  1+8.8 
+0.0012  —8.4 


—0.0022 


-0.U081  1+0.4 
+0.0032  1—6.9 
-0.0042  +1.6 
-0.0072  +4.6 
-0.0020  —0.7 


S. 


Meao. 


-0.0027 


+4.2446   +L6 
+4. 2479  !— L  7 


+4.2462 


S  . 
N. 


Mmii. 


+0.6272  i+LO 


+0.6291 


+0.6282 


—0.9 


112. 86     S 


—2.0781    +0.1 
—2.0779  i-0.1 


116. 61 


Mean  . .    —2. 0780 


115. 78 


Mean.. 


S  , 

N. 


+4.1825 


Mean  . . '  +0. 3400 


I 


Mean.  J  —0.8365 


0.4 


2.2 


L2 


Jim. 


LI 


0.6 


0.1 


8 i  +4.1836  —LI  1    a7 

N +4.1814  ,+Ll    


+  0.3403  1—0.3  I    0.2 
+0.3396    +0.4  1 


116.38     S —0.8351  1—1.4       0.9 

N !  —0.8379  ;  +  L4    


t  Rejected. 


7.4 


if. 

147.4844 


146.4650 


147.8800 


147.8760 


147.6088 


7.9 


147.6061 


147.6034 


16L  7496 


148. 1816 


14&0636 


160.2361 


7.9 


8 


Mm, 


+0.1 


I 
ij 


147.8801 


+0.1 


161. 7497 


160. 5761 


149. 8996 


+0.1 


160. 6762 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
J. 
F. 


J. 
F. 


J. 

F. 

8ii. 

B. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
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BesulU  of  preoUe  leveling — Contioued. 
KBOKUK,  IOWA,  TO  GBAFTON  ILL.— Continaed. 


T.&M.70 


T.B.1L7S 


•U.aP.RM.81 


T.&2C.75 


T.B.M.78 


•U.&P.B.M.22 
T.B.1L7V 


n.&P.B.1L28 


•P.  Bw  M.  n.  Mao- 


•H.    W.    1851.  at 
Lovisianak  Mo. 

•H.   W.   1880,    at 
Looiaiana,  Mo. 

•n.'W.  1881(AprU), 
LoniaiaiUL  Mo. 

V.  a  pTbTm.  24 . . . 


S 
3 


118.02 


122.28 

122.00 

180.51 

128.02 

128.04 
180.26 

132.80 

181.88 


13L86 
182.26 
132.26 
138.74 


g 


8. 
N. 
8. 


n 


M. 

—4.1408 
—4.1502 
—4.1458 


V. 


•H.  W.  1881  (April)   132.42  i 

Loniaiaiia,  Mo.    !  ' 

•H.  W.  1880,  Lou-     182. 42 

iaiana.  Mo. 
•H.  W.,  April  26,    , 

1881,  Loaiaiana, 

Mo.  I 

•Ztm^  of  gaoce  on  \  133. 05  ; 

bridge  at  Looi-  i 

•iuia.  Mo. 


Mean.. 

—4.1456 

8 

N 

+1.3650 
+L8640 

Mean.. 

+1.8660 

8 

N 

—1. 4127 
— L4145 

Mean.. 

—1. 4136 

8 

N 

-1.2060 
—1.2080 

Mean.. 

— L2040 

8 

K 

+2.0080 
+2.0D13 

Mean.. 

+2.6082 

8 

+0.8680 

8 

N 

+0.2889 
+0.2874 

Mean.. 

+0.2882 

8 

K 

+0.6682 
+0.6647 

Mean.. 

+0.6564 

8 

N 

— L0085 
+L9075 

Mean.. 

-1.8085 

N 

-2.8545 

N 

—4.8271 

N 

-4.0681 

S 

N 

—0.2803 
—0.2821 

Mean.. 

—0.2812 

N 

—4.0286 

Mm. 
—4.8 
+4.6 
+0.2 


—0.8 
+1.0 


-0.8 
+0.8 


+L0 
— LO 


—0.8 
+0.8 


r. 


1.8 


—0.7 
+0.8 


—1.8 
+1.7 


+L0 
—1.0 


-0.8 
+0.9 


0.6 


a6 


0.7 


0.6 


ifm. 


a5 


1.2 


6.7 


0.6 


N. 


1.3252 


L0678 


—9.2708  —11.4 
—9.2537  1+5.7 


Mean..  I  —0.2594 


T.aM.82.. 


a2 


&2 


&8 


&4 


8.4 


t 

« 


if. 

146.8540 


146L6180 


146.2054 


145.4160 


148.0172 


148.8802 
14&8154 


a 
I 


8 


Mm. 


+0.1 


+0.1 


148.0718 


+0.1 


147.0638 


146. 1173 
144.6447 
144,9037 
148.6906 


144.9433 
144.6466 
144.6228 


+0.1 


146.2065 


14&9803 


148.8719 


148.6907 


I 


5.7    139.4312 


J. 
P. 

J. 


y. 


J. 
P. 


J. 
F. 


J. 
F. 


J. 

J. 
P. 


J. 
P. 


J. 
P. 


P. 

P. 

P. 

J. 
F. 

F. 
F. 
F. 


F. 
J. 


136.00 


S —3.9939 

N -3.9934 


Mean. 


9936 


+0.3 
—0.2 


0.2    '  144.6970 


I 


J. 
P. 


/ 
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BmultB  of  preoUe  leveUng — Continued. 
KXOKUK,  IOWA.  TO  aBAFTON,  ILL.—Coniliuwd. 


B«aoh. 


T.&AL85 


17.S.P.&1C.25.. 


T.&M.67 


T.B.1L88 


•n.&P.B.M.26. 


T.B.1L80 


T.&1L91 


T.&1L0I 


T.&1LM 


♦U.aP.RlLW 


T.R1L05 


•U.  8.  P.  B.  K.  28  . 


*H.  W.  1876, 
Clarksville,  Mo. 

♦H.  W.  1851, 
ClftrkBviUe,  Mo. 

Bod  station  1, 
Clarkaville,  Mo. 


• 

s 

1 

d 

^A 

1 

1 

Q 

Q 

Km. 

188.60 

8 

N 

Meao.. 

140.02 


141.07 


142.20 


148.64 


144.08 


14fi.68 


147.02 


147.05 


148.07 


148.03 


140. 07 


8. 
N. 


Meao. 


8 

N. 


Mean. 


8  . 
N. 
8. 

N. 


Mean. 


8... 

N... 


Mean. 


8. 


Mean. 


8. 


Mean. 


8. 

N. 


Mean. 


8. 

N 

8. 


Mean. 


8. 


Mean. 


8. 


Mean. 


8  . 


Mean. 


140. 15 
149. 18 
148. 98 


N. 
8. 


S  , 


Mean. 


jr. 

+8.1560 
+3.1587 


+3.1553 


Mm. 

— L6 
+1.6 


—0.5688   —0.8 
~a5705   +0.0 


-  0.5606 


—1.8650 


—1.8643  —0.3 


—1.3646 


+0.0446 
+0.0876 
+0.0304 
+0.0366 


+0.0896 


+0.4 


—5.0 
+2.0 
+0.2 
+3.0 


—0.0 


+0.6003 
+0.6884  ;+1.0 


+0.6804 


—2.  3480  1—1. 6 
—2.3512   +1.6 


—2.3406 


—0. 6030  I— L 1 
—0.6000   +1.0 


—0.0050 


+0.0063 
+a0027 


+0.0945 


+4.4302 
+4. 4846 
+4.4860 
+4.4370 


+4.4360 


+0.6737 
+0.5787 


+0. 5737 


—1.0400 
—1.0497 


—1.0408 


+0.1658 
+0. 1666 


+0.1662 


—1.8 
+L8 


—2.8 
+2.3 
+0.0 
-1.0 


0.0 
0.0 


+0.1 
—0.1 


+0.4 
—0.4 


—3.4625 


—1.  5284 


r. 


—3.7384   —0.4 
—3.7392  j+0.4 

—3.7388  ' 


itftn. 
LI 


0.6 


0.2 


L2 


0.6 


1.1 


0.7 


L2 


0.7 


0.0 


0.1 


0.3 


R. 


JffM. 


0.3 


8.6 


&8 


a8 


I 


147.8528 


147.2827 


145. 0181 


146.0677 


146.6471 


148. 6081 


142. 0181 


148.0076 


147.4445 


148.0182 


146.3047 


146.5600 


142.0322 
144.8663 
142.  6559 


I 


8 


Mm. 


+0.1 


+01 


t 

H 


e 


jr. 


147.2828 


14e.6472 


+0.1 


+0.1 


14a 0183 


146.5610 


« 


O 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 
J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


F. 

J. 

J. 
F. 
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Reiult8  of  precise  Uvelinff — Continned. 
KBOKUK,  IOWA,  TO  GRAPTON,  ILL.—Contlnaed. 


Bodiliitioii  2,I». 
liadUS. 


Bod  Nation  8... 


Bod  ftiHitin  i 


*U.&P.BwlL» 


T.B.1L87 


T.B.1LW 


i 
I 


Am. 
149.56 


149.80 


150.46 


15a  78 


130.83 


152.75 


a 


If  Mil. 


8. 


Mean. 


Ifean. 


'3 


a 


81 

I" 


V. 


jr. 

+aoT7i 

+a0762 


+a0760 


+0L0777 
+a0768 


+a0772 


—0.7212 
—0.7190 


—0.7201 


-f  0. 8106 
+0.8126  —1.0 


r. 


Mm. 
—0.5 
+0.4 


ka« 

+0.4 


+1.1 
—1.1 


+  1.0 


Keftn. 


S. 


+  0.8116 


—0. 0161 
—0. 0175 


Ifeui..    —0.0168 


—0.7 
+0.7 


8 ;  — 6. 2629   +0. 9 

N '  —0.2612  —0.8 

Mean. 


i 


155.15 


»u.ap.aH.8o 


T.  aiLioi 


T.B.1L102 


15&60 


157.80 


—0.2620 


0.0 
0.0 


—  0. 9795  —0. 3 

—  0.9801  1+0.3 


+  1.2087 
+  1.2087  j 

+  L2087  j 


Mean..:—  0.9798 


S. 


—  2.2617  j— 2.4 
I—  2.2665  1+2.4 


Mean..  —  2.2641 


150.76 


U.  &  P.  B.  IL  31 


T.&1L104 


T.B.M.106 


F.8P.BwlC.32 


8 
N 


+  1.2668    —0.8 
+'  1.2651  1+0.9 


Mean..  +  1.2660 


16L 18    S —  0. 8392   —0. 4 

IN......-!-  0.8399    +0.3 


162.18 


Mean..  —  0.8306 


S. 

N 


t—  0.9019  i— 0.9 
I—  0.9936  1+0.8 


165.62 


165.96 


Mean..  —  0.9028 


8 


Mean.. 


8. 
N 


+  0.3240  1+2.1 
+  0.3282  1—2.1 


+  0.3261  i 


+  7.2551 


Mean..l+  7.2564 


+  1.3 


Mm. 
0.3 


0.8 


0.7 


0.7 


a5 


0.6 


0.0 


0.2 


1.6 


0.6 


0.2 


0.6 


1.4 


+  7.  2578  —1. 4  I    0. 9 


R. 


Mm. 


&8 


a8 


I 


M. 

142.7825 


142.8997 


142.0896 


142. 0012 


142.8844 


142.6892 


143. 8479 


142.8681 


8 


Mm. 


i 
•I 

n 


I 


+0.0 


142. 88M 


0.0     142.8681 


9.0 


141.5888 


142.8498 


142. 0102 


141. 0174 


0.0 


141. 8435 


9. 2     14a  5999 


+0.1 


142.0102 


J. 

P. 


J. 
P. 


J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
P. 


14a  6000  I  J. 
F. 
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Beiulit  of  precise  leveling — Continued. 
KEOKUK,  IOWA,  TO  GRAFTON,  ILL.— Coniinued. 


Bench. 

■ 

s 
J 

Direction. 

1                   1 

•s 
|| 

M. 

—  7.8388 

1 

Mm. 
—0.1 
+0.1 

-3.2 
+2.5 
+0.6 

—0.3 
+0.3 

—0.1 
0.0 

+1.3 
— L2 

—1.7 

+  1.7 

r. 

Mm. 
0.1 

\ 
R. 

Mm. 

i 

• 

1 

» 

M. 

140. 7610 

1 

Mm, 

Corrected  eleva- 
tion. 

o 

T.B.M.108 

Km. 

167.64 

168.03 

170.24 

171.62 

174.58 

176.74 

175. 08 
175.08 
175. 84 

176.76 

177.  85 

180.63 

M. 

J. 

N '—  7.8390 

F. 

Mean.. 

8 

N 

8 

Mean.. 

8 

N 

Mean.. 

8.. 

N 

Mean.. 

8 

N 

Mean.. 

S 

N 

Mean.. 

S 

s 

s 

N 

Mean . . 

S 

N 

Mean.. 
S 

LI 

143.2090 

—  7.8389 

T.B.M.100 

+  2.4612 
+  2.4455 
+  2.4474 

J. 

F. 

t..... 

J. 

0.2 

9.2 

163.0370 

+0.2 

163.0872 

+  2.4480 

ir.S.P.B.M8S... 

+19.8283 
+19.8277 

J. 
F. 

0.0 

14L6500 

+19.8280 

V 

T.B.M.111 

—21.3869 
—21.8870 

'J. 

F. 

0.8 

140.3840 

t 

— 2L3870 

T.B.M.118 

—  1. 3173 

—  1. 3148 

J. 

p. 

1.1 

—  1.3160 

! 
143.3146 

T.B.M.114 

+  2.9823 
+  2.9789 

J. 

F. 

' 

+  2. 9806  ^ 

141. 2153 
141.0010 
141. 6010 

•H.  W.,  1876,  at 
Hamburg,  111. 

♦H.W.,April,  1881, 
at  EamborK,  lU. 

♦I7.S.P.B.M84.. 

—  2.0993 

—  2. 8136 

J. 

J. 

+0.8 
—0.8 

—1.0 

0.5 

• 

9.4 

0.0 

141. 6910 

—  L6244 

—  L6228 

—  1.  6236 

J. 
F. 

0.7 

148.2834 

T.B.  M.  115 

+  4.0698 

J. 

+  4.9677    -J-l.  1 

F. 

+  1.8 
-1.8 

-2.3 

+2.4 

_0.fi 

1.2 
1.6 

• 
9.6 

138.4473 
139. 9151 

+  4.9688 

T.  B.  M.  116 

—  9.  8379 

J. 

N 

i 

—  9.8343 

1 

0.0 

139. 0151 

F. 

Mean.. 

S  .   

N 

—  9.  8361  1 

1 

+  1.4701    ■ 
+  1.46.54 

1 

J. 
F. 

1 

0.6 

I 

181.60 

i 

182. 96 
186.24 

Mean.. 

S 

N 

N 

Mean.. 

S ■ 

N ■ 

Mean . .  • 

S - 

N - 

Mean..- 

+  L4678  , 

T.B  M.  119    

+  0.4750   - 

140.  3893 

J. 

+  0.4724    +1.8 
+  0.4751    — 0.  fl  1 

F.I 

F. 

fl.2 
-1.2 

-1.1 

0.8 

t 

..........  ..| 

1 

139.6604 

+  0.4742  j 

U.S.P.B.M.36... 

-~0.~730r| 
-  0.7277    - 

9.6  !  139.6604 

0.0 

J. 
F. 

-  0. 7289 

T.B.M.123 

-  1.  0281   - 

0.7    i  138.6312    . 

1 .-  1. 

J". 

-  1.0303    4-1.  1 

1 

F 

1 
i 

-  1.0292  ; 

BEPOBT   OF   THE   MISSISSIPPI   BIVER   COMMISSION. 


103 


BetiUU  of  preeUe  leveling — Continued. 
KBOKUK,  IOWA,  TO  GKAFTOK,  ILL.— Continaed. 


T.  &  M.  194 


U.S.P.B.1C.37 


T.&H.MS 


T.B.lLt90 


T.BwlLlS? 


T.  &  M.  128 


T.  B.  M.  120 


U.S.P.BwM.38. 


T.B.M.130 


•U.  Sw  P.  R  M.  39 


T.  R  M.  131 


T.  B.  M.  132 


r.  a  P.  B.  M-  40 


T.B.1C133 


i 

I 


Km. 

187.26 


187.92 


188.28 


180.99 


191.96 


192.72 


I 


S. 

N 
S. 
N 


i 
% 


r 


V. 


if. 

+  0.6818 
+  0.67:i3 
+  0.6767 
+  a  6760 


Mean. 


S. 


Mmui. 


S. 
N 


+  0.6774 


+  0.2593 
-f  0.2612 


Mm, 

+6.7 
+L4 


+0.9 
— LO 


+  0.2602 


I—  1. 1051   —2. 5 
-  L1102  '  +  2.6 


r, 


R. 


Jlff}i» 
LO 


IfMUi..—  L1076 


S. 

N 


—  0.1387    +0.5 

-  0. 1377  —0. 5 


Mean..—  0.1382 


S i—  0.4808 


N 


Keah. 


S. 
N 


Mean. 


194.10 


196.45 


S 


Mean. 


196.95 


S 

N 


Mean. 


—  0.4820 


—  0. 4814 


+  5.7191 
+  5.7187 


+  5.7189 


—0.2 
+0.2 


—  5.2789  i+0. 1 
-  5.2786    -0.2 


—  5.2768 


+  0.4248  1+0.4 
+  0.  4256  1—0. 4 


S. 


196.97 


Mean. 

o. ...... 


+  0.4252 


+  0.2804 
+  0  2760 


—2.2 
+  2.2 


+  0.2782 


197.93 


200.00 


200.51 


201.87 


N !+  0.5895  ;+0.1 

Mean..!+  0.589G 


S 


Mean. 


S. 
N 


Mean. 


+  0.8098 


—  1.1569  1  +  0.3 

—  1.1502   —0  A 


—  1.1566 


N 


—  0.0043  j  +  1. 1 


Mean..  —  0.0032 


8 

N 


Mean. 


—  0.6435  1+0.9 

—  0. 6417  j— 0. 9 

—  0. 6426  I 


Mm, 


0.6 


L7 


0.8 


—0. 6      0. 4 
fO.6 


9.7 


d 

o 

IS 

« 


I 


8 


•3 


M. 

189.3086 


187.5688 


138.4812 


138.3230 


137.8416 


0.1 


143.5605 


0.1  i I  138  2817 

I 


0.3 


9.9     138.7069 


L5  ! •  138.9851 


+  0.5897   —0.1  '     0.1 


+  0.8111   —1.3  I    0.9 
+  0.8084    +1.3  i 


10.0 


139.  5747 


0.2 


8 !—  0.0020    -1.2  I    0.8 


0.6 


130. 7949 


138.6383 


10.1 


Mm. 


0.0 


0.0 


0.0 


138.6351 


137.9925 


0.0 


II 


o 


189.5688 


188.7069 


139. 5747 


138  6351 


I 


J. 
p. 
J. 
p. 


p. 
p. 


J. 
p. 


J. 
p. 


J. 
p. 


J. 
p. 


J. 
p. 


J. 
p. 


J. 
p. 


J. 
p. 


J. 

p. 


J. 
p. 


J. 
p. 


J. 
p. 
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Results  of  precise  levelinff — Continned. 
KEOKUK,  IOWA,  TO  GRAFTON,  ILL.-Ck>iitiBTied. 


BeDeh. 

1 

• 

1 

1, 

V. 

Jfm. 
— L5 

+  1.4 

-4.8 
4-2.2 

r. 

R. 

• 

1 

1 

s 

e 

H 

5 

i 

O 

T.B.1C186 

204.91 
20S.92 

206.04 
200.74 
207.82 

209.24 
209.98 

210.09 
211.52 

212.41 

8 

N 

Haan.. 

S 

N 

N 

8 

Mmui.. 

8 

N 

Meftn.. 

8 

N 

Mean.. 

8 

N 

S 

Mean.. 

8 

N 

Mean.. 

8 

N 

8 

N   

Mean.. 

8 

N 

Mean.. 

8 

N 

8 

N 

Mean.. 

S 

if. 

—  0.8927 

—  0.8056 

Jfm. 
1.0 

Mm. 

jr. 

187.0168 

Jfm. 

jr. 

J. 

F. 

1.1 

141.8905 

—  0.8942 

T.B.M.1M 

+  4.2970 
•f-  4.2900 

J. 

F. 

+  4.2908    +L9 
•f-  4.2913    -1-0.  fl 

F. 

J. 

+0.4 
—0.4 

—0.1 

0.8 

10.2 

14L9851 

0.0 

141.9691 

+  4.2922 

•ir.aP.B.M.41.. 

+  0.5742 
+  a  6750 

J. 
F. 

0.1 

184.4846 

+  0.6746 

T.  KM.  187 

—  6.8958 

J. 

—  6.8960  Uo.T 

F. 

1.0 

188.7591 

-  6.8969 

T.B.M.1S8 

-h  4.2674 

— ifl 

J. 

+  4.2629   -fl.6 
-f  4.26.^1    4-1.4 

Y. 

J. 

+1.2 
—1.2 

— JLfi 

0.8 

187.2787 

-f  4.2646 

T.B.M.189 

—  1. 4816 

—  1.4792 

J. 

F. 

0.9 

• 

184.7421 

—  1.4804 

T.  B.  M.  140 

—2.6327 

J. 

\ 

—2.6376   -f-1.0 
—2.5381    -H.5 

F. 

J. 

—2.5882 

+1.6 

+0.4 
-0.4 

—3.8 

+4.4 
—1.0 
+0.3 

—3.3 
+  1.7 
+  1.2 
+0.3  [ 

—1.7 
+  1.6 

F. 

0.3 

10.8 

141.0868 

0.0 

141.0863 

—2.6866 

•U.S.P.B.M.42.. 

-f-6.8438 
-f  6. 3446 

F. 
F. 

1.2 

184.8598 

"**•**•••• 

-f- 6. 3442 

T.B.M.141 

+  0. 1216 
-1-0.1133 
-l-0. 1187 
-f  0. 1174 

J. 

F. 

' 

J 

F. 

0.8 

184. 0381 

+  0. 1177 

T.B.M.141I 

— fl.8184 
— fl.8234 
-0.8229 
—0.8220 

J. 

N , 

N 

!» 

P. 

J 

J. 

214. 62 
214.63 

! 

Mean . .  | 

S 

N 

Mean.. 

S 

N 

Mean.. 

1 

1.1 

—0.8217 

T.B.M.148 

+3.3567 
+  3.3534 

137.3931 

J. 

F 

+3. 3550 

1 

0.0 

10.5 

13&  9003 

0.0 

138.9008 

•IT.aP.B.M.48.. 

+  1.5071 
+  1.5072 

+0.1 
0.0 

( 

J. 
F 

+  1.5072 
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BeiulU  of  prteise  leveUnff^-Coatianed. 
laOKTJK,  IOWA,  TO  GRAFTON,  ILL.— Continnod. 


Seooh. 


T.B.li;145 


T.B.1L146 


»XJ.aP.BLlC44 


T.BL11148 


T.B.III6O 


T.&l£.16t 


»ir.aP.B.lC46 


T.Bwli.162 


T.B.M.153 


'U.&P.B.H.46 


T.  Bw  !£.  155 


T.B.lf.l5« 


•U.  8.  P.  B.  M.  47 


T.  a  IC  157 


a 

o 


217.08 


217.68 


217.  M 


21SL65 


15 


222.48 


222.49 


224.47 


226.85 


228.84 


•H.  W.,  spring  of 
1381. 


226.14 


230.28 


230.24 


231  82 


231.89 


8. 

N 


Mean. 


8. 


Mean. 


8. 

N 


Heuk. 


8. 


Hean. 


8. 


Mean. 


8. 

N 


Mean. 


8. 


Mean. 


8. 

N 


Mean. 


S. 


Mean. 


I 


il 


jr. 

8.7711 
8.7721 


—3.7716 


+2.6287 
+2.6004 


+2.6206 


+2.5244 
+2.6245 


+2.5244 


V. 


—0.2016 
—0.2015 


—0.2016 


—0.8725 
—0.8738 


Mm. 
—0.5 
+0.5 


M>.1 
+0.2 


0.0 
0.1 


0.0 
—0.1 


—0.7 
+0.6 


—0.3732 


—0.1980  —0.8 


—0.1095 


—0.1002 


r. 


Mm, 


+L6279 
+1.6278 


+  1.6278 


—0.2608 
—0.2501 


—0.2600 


-1.8787 


+0.8 


—0.1 
0.0 


+0.8 
—0.9 


+2.8 


—1.8761   —2.8 


—1. 8774 


S. 


+11.4218 


+11.4216   +0.1 


Mean. 


S 

N 


Mean. 


+11.4217 


+  0.6004 
+0. 6074 


+0.6084 


—1.0 
fl.O 


S. 

N 


+  3.5679 


+  3.5720  —2.0 


Mean..,  +3.6700 


S +0.4071 

N +0.4078 


Mean..  I  +0.4074 


s 

N 

Mean.. 

—1. 1733 
—1. 1791 

—1. 1762 

0.6074 

+0.3 
—0.4 


+2.9 


0.1 


0.0 


ao 


0.4 


0.2 


0.0 


0.6 


1.5 


R. 


Jftli. 


10.5 


10.5 


g 


I 


If. 

188  6215 


186.2511 


138.7766 


135.9595 


185.5868 


135.3871 


187. 0149 


135.1271 


133.2497 


— 0. 1  ;    0.1 


0.7 


+  2.1       1.4 


0.2 


1.9 


10.6     144.6714 


133. 8581 


137. 4281 


ao 


0.0 


+01. 


10.7  I  137.8855       0.0 


186. 2519 


135.6445 


i 

I 


13 


o 


138.7756 


187. 0149 


144.6715 


I 

O 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
J. 


J. 
F. 


I 


J. 
F. 


137. 8355     J. 
F. 


J. 
!  F. 
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BeiulU  of  preoUe  leveling — Continued. 
,  KBOKUK,  IOWA.  TO  GBAFTON,  ILL.-€o&tinned. 


Bench. 

• 

5 

Direction. 

Difference  of  ele- 
vation. 

t 
1 

1 

1 
V. 

1 

1 
1 

r. 

Mm. 
1.8 

.  R. 

Mm 

...... 

• 

1 

Rod  correction. 

Corrected  eleTa- 
tion. 

O 

T.B.M.  168 

Km. 

28S.88    8 

N 

1     Mean.. 

M.        Mm. 

-«.6612   +2.0 
—0.6572  —2.0 

M. 

186.6087 

Mm 

M. 

J. 

■ 

F. 

—0.5 

0.2 



136.4027 

-0.6692 

T.  B.  M.  160    -     -  - 

286.10 
287.21 
289.89 
289L49 

289.86 

240.03 
241. 36 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

8 

N 

Mean.. 

8 

N 

N 

8 

Mean.. 

8 

N 

Mean.. 

+0.8102 

J. 

+  0.8097  i-i.fl.  S 

t 

F. 

4-0.7 



183.7888 

+0.  8100 

T  KM.  161    

—2.6801 

0.6 



J. 

—2.6786  -^.k 

& 

+2.9 
—3.0 



184.5086 



184.6086 

—1.6704 

2.0 

11.2 

u.  a  P.  a  M.  1 
(Grafton). 

+0.7778 
+0.7882 

J. 
F. 

—0.6 
+0.8 
—1.1 
+1.0 

—4.3 
+5.6 
+  7.8 
—9.2 

• 

+  0.1 
—0.1 

« 

0.8 

180.9287 

• 

+  0.7802 

Rod  8tation  1 

—3.6792 
—3.5806 
—3.6787 
—3.5808 

J. 

F. 

R. 

R. 

2.7 

131. 0121 

• 

—3.5798 

Rod  8tation  2 

+0.0927 
+0.0828 
+0.0806 
+0. 0976 

J. 

(oroaainff  nii- 
noia  Rirer). 

J. 

F. 



F. 

0.1 

11.6 

136. 8620 

0.0 

186.8620 

+0.0884 

U.  S.  P.  R  M.  2 
(O-rafton). 

+5.  3408 
+6.3500 

J. 
R. 

136. 3106 

+6.  3499 

♦H.^.,  April,  1881 

—0.  0425 

F. 

—6.6 
+0.5 

+0.2 
—0.3 

• 

0.4 

11.6 

1139.3116 

U.  S.  P.  B.  M.  3 
(Grafton). 

242.17 

S 

N 

+2. 9502 
+2.  9491 

F. 

a2 

134.7268 

Mean.. 

4-2.9496 

•P.B.M.66  of  Cap- 
tain Mackenzie. 

S 

N 

Mean.. 

—4.  7040 
—4. 7035 

F. 

F. 

Referred  to 
Mackenzie  B.M. 

4.7038 



_ 

ElovatioQ,  Mackenzie  B.  M.,  139. 4296.    See  page  — . 

tXhe  elevation  of  U.  S.  P.  B.  M.  3,  as  given  ou  page  — ,  ia  taken  as  the  initial  elevation  for  all  points 
north  of  Grafton.  This  bench-mark  is  on  the  Catholic  chnrch  steps,  and  is  believed  to  be  more  likely 
to  have  remained  undisturbed  than  U.  S  P.  B.  M.  's  1  and  2,  which  are  stone  posta  set  in  the  sronna. 
The  discrepancy  between  the  determinations  of  difference  of  elevations  of  17.  S.  P.  B.  M.  1  and  3,  made 
in  1880  and  1881,  is  6.6»",  that  of  1881  being  the  larger. 
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Beeults  of  precise  leveling — Continued. 

KEOKUK,  IOWA,  TO  FULTON,  ILL. 
fBench-marks  marked  with  an  asterlBk  are  not  in  the  main  linS.] 


Bench. 


IT.  S.  P.  &  M.  8, 


TJ.  &  P.  B.  M.  2, 
Keokak. 


U.  S.  P.  a  IL  1, 


T.B.li.1. 


T.B.M.2. 


V.  &  P.  B.  IL 1 


*^l^orthbaae 
( KJBCinmann'a) . 
T.B.M.3 


T.  B.M.5and5a. 


T.  B.M.  6. 


8 

I 

s 


Mm. 


T.  B.M.7. 


T*.  Bt.  "™-  o.  •  • 


IT.  S.P.  B.  :m.  2. 


T.  P.  B.  9  and  9a. 


I 


« 


V. 


r. 


R. 


S. 


Mean. 


jUffl. 


-4. 6375  —0. 1 
— 4.C377  1+0.1 


1.6376 


0.0 


8. 


—0.2159  1+0.4 
-0.2151  — a4 


1 


Mtn, )  Mfn, 


M. 


0.1 


0. 8  ;    0. 3 


1.70 


Mean..,  —0.2155 


N <+L7737 

S [  +L7826 

N +1.7767 


S. 


Mean. 


+1.7778 


3.11 


N. 
N. 
8.. 
8.. 


+L7777 


—4.0 
—4.0 
+  1.0 
—0.1 


—2.5 


1.2 


—0.0917 
—0.0041  —0.1 
—0.0944  1+0.2 
—0.09.8   +2.6 


0.7 


158. 3147 


158.2206 


Mean..    —0.0942 


8.68 


N !  +0.7318  i  +  1.3 

N +0.7330  (+0.1 

8 +0.7344  — L3 

8 +0.7334  i— 0.3 


0. 4  ^    1. 5  i  135. 9536 


+0.7331 
+0. 1386 


0.0  i 159.0922 


7.66 


+L5766  1  +  1.1 

-hL5766   +1.1 

+1.5768    +0.9 

S +1.5810   —3.3 

Mean.. 


0.7 


160. 5313 


+  1.5777 


N 
S. 
N 
8. 


Mean. 


—1.1219  —0.8 
— L1262  +3.5 
—1.1210  —1.7 
— 1. 1216  —1. 1 


0.8    159.4086 


&90    N 


-1. 1227 


+  1.6953       0»0       0.0    ;  161.1039 


10.57 


S I  +1.6952    +0.1 

Mean. 


N. 
8.. 


+1.  6953 


+3.  3322 
+3.3351 


Mean..'  +3.3336 


+  1.4 
—1.5 


1.0 


164.  4375 


1L76  IN 1  —1.18.55  ;+0.1       0.1 


S —1.1853 


12.20 


13.93 


Mean..'  —1.1854 


N I  -2.3647 

S I  —2.3612 


Mean..    —2.3629 


—0.1 


+  1.8 
—1.7 


§ 


8 


Mm. 


+0.1 


+0.1 


I 


u 


o 


jr. 

161. 8001 
156. 7525 


156.5370 
(8ee  re- 
port 848.) 


158.0587 


159.0923 


I 
P« 

0 
OS 


163. 2521 


1.2 


N 
8. 


Mean. 


+4.6463    +0.6 
+4.  6476  —0. 7 


0.4 


2.4  :  160.8892 


+4.6469  ! 


165.  5361 


+  0.1 


160.8893 


F. 
F. 


F. 
F. 


F. 
F. 
P. 
P. 


P. 

F. 
P. 
F. 


P. 
F. 
P. 
F. 


F. 

P. 
F. 
P. 
F. 


F. 
F. 
P. 
P. 


P. 
P. 


P. 
P. 


P. 
P. 


P. 
P. 


P. 
P. 


J. 

F. 


J. 
F. 


F. 
F. 
P. 
F. 


J. 
J. 
J, 
J. 


J. 
J. 
J. 
J. 


J. 

J. 
J. 
J. 
J. 


F. 
F. 
F. 
F. 


F. 
F. 


J. 
J. 


J. 
J. 


J. 
J. 


F. 
F. 
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Beaulta  of  prteiae  leveling — Continued. 
,    KBOKUS;  IOWA,  TO  FULTON,  ILL.— Continaed. 


BeDoh. 


T.BwM.10. 


*  MeehAoioa  Book 
T.&M.U 


•U.8.P.B.M.8.. 


T.B.K.12uidl2a 


B.M.MAR. 


T.B.M.18. 


T.B.M.14andl4a 


T.B.M.15aiidl5a 


T.B.M.16aiidl6a 


T.B.M.17. 


U.S.P.B.M.4. 


17, 8.  P.  B.  M.  5. 


17  S.P.B.M.6... 


I 
I 


Km, 
18L61 


N 
S. 


MOMl. 


•3 


I* 


V. 


r. 


Jffii* 
+0. 7563  r-^  9 


+0.7584 


+1.0 


18.01 
17.78 


K 
S. 

N 
N 


+0.75M 


—7.2410 


-8.8415  I+L3 
—3.8881  1—4.1 
—8.8407  1  +  0.5 
—3.8425  :+2.3 


17.98 


18.49 


19i81 


20.05 


Meftn. 


8402 


S. 


Mean. 


S. 

N 


+5.2996  -1.0 
+&2976  I +1.0 


+5.2986 


+0.6879  r-0.4 


+0.6871 


Moftn. 


N 
S. 


Meftn. 


+0.6875 


—2. 1847 
—2.1876 


+0.4 

—1.4 
+L5 


—2.1861 


S. 


Mean. 


21. 66    N 

's. 


+1.6031    +0.3 


+  1.6037 


+1.6084 


—0.8 


Mean. 


+4.9501  I+L5 
+4.9530  Ul.4 


+4. 9516 


28.08  i  N I  +1.1984 


8 +1.1976   +0.4 


Mean..;  +1.1980 


24.56 


S 1  +4.8819 


N +4.8786  1+1.6 


Mean..!  +4.8802 


25.44     S. 

iN 


Mean..  I  +0.7768 


26.56  I  S. 

IN 


L  8804 


8798   —0,3 


Mean. 


8801 


27.50     S. 


N —1.8085  ;+0.7 


i     Mean..   —1.8078 


Mm. 
a6 


K. 


Mm. 


LO 


a7 


0.8 


LO 


0.2 


LO 


—0.4  ;    0.3 


-1.7  I    LI 


+0.7768  I    0.0       0.0 
+0.7769  j— 0.1 


-1.8070   —0.8       0.5 


i 

« 


M. 

166.2906 


I 


2.8 


158.0495 
162.4666 


167.7488 


168. 1878 


160.9617 


164. 7412 


109.6928 


170.8908 


+0.3  ,  0.2  I  3.1 


175.7710 


176. 6478 


17L6677 


3.2 


169.8599 


28.94 


S ,  +1.5098    +L3  I     0.9  |    3.3  |  17L3710 

N I  +1.5125  —1.4    


Mean..    +1.5111 


+0.3 


t 

'3 

1 


a 


+0.4 


+0.4 


+0.4 


o 


9 
CO 


P.      J. 

P. !  J. 
p.   J. 

F.  I  J. 


167.7492 


P. 
P. 


J. 
F. 


P.     F. 
P.     F. 


P. 
P. 


P. 

P. 


\ 


J. 
F. 
J. 
F. 


F. 
F. 


P.     J. 
P.     J. 


P. 


J. 


17L6681 


169. 8603 


17L  3714 


P.     J. 


P.     J. 
P.     J. 


P.     P. 
P.  ,  F. 


P.  I  F. 
P.     F. 


P.  1  F. 
P.  '  F. 


P.  I  F. 

P. ;  F. 
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BuulU  of  jpr«dM  levelinff — Continued. 
KSQKUK,  IOWA,  TO  FULTON,  lLL.^-CmUmi9d. 


Boieh. 


T.B.H.18flaidl8a 


T.BwH.19Midl9a 


T.BwH.30. 


T.B.M.2S. 


30.42 


81.91 


^ 

T.Bwicas 

T.B.1C.94 

u.ap.&M.?... 

T.B.JC.35 

•IT.aP.B.M.8.. 

T.B.M.26 

T.BJIC.27MKd27a 

"A".  JiS.  JtLm  2BO  •*«•••• 

T.B.M.20Mid2»«. 

88.64 


8&.82 


8&87 


38.66 


88. 60 


i 


8. 
N 


Mean. 


S. 
N 


Mean. 


8. 
N 


88.50 


89.67 


40.20 


4L90 


43.83 


44.87 


Mean. 


8. 


Mean. 


N 

8. 


Mean. 

8 

N 


Mean. 


N 
8. 


Mean. 


N 

8. 


Mean 


N. 

8 


Mean, 


N. 

8  .. 


Mean, 


N, 
8 


O  a 


M. 

+&7888 
-t- 5. 7426 


+  6.7412 


—5  0833 
— 5.087U 


—5.0861 


—1.2207 
—1.2219 


—1.2218 


—I  1248 
^.1230 


— 1. 1243 


—2.6040 
—2  6068 


—2. 50.'>4 


— O.U34tf 
— au360 


— 0.U363 


(-2  8307 
t2.840U 


+2.8308 


—2  7I2« 
—2  7126 


—2.7123 


-l-4.2W.'i 
+4.2838 


+  4.2841 


— 1.4n5i« 
— 1.403.'> 


-1.4U32 

4O.660T 
+0.66^4 


V. 


Mean..!  +0.66-.'4 


N. 
S. 


Mean 


-ho.  a03-' 


fV30:ii 


Mm. 

+1-4 
— L4 


—1.8 
+1-0 


—0.6 
+0.6 


+0.6 
M>.4 


—1.4 
+  L4 


—0.7 
+0.7 


+0.1 
—0.2 


—0.3 

+a3 


—0.4 
+U.3 


— 0  2 
+0.3 


+1.0 
—2.0 


0.0 
— 0.  I 


r. 


Mtn. 
0.9 


N '  —5.3017    4-2.2 

N I  —ft  3iJ<i.'i    +1.0 

S — 5.  35.VJ   —4.3 

S    —5  H5yr2   —0. 3 

S —3  36*14    +0.9 

S —5.3001  U-U.6 


Mean..!  — 5.3.)35 


1  2 


0.4 


0.8 


0.9 


0.6 


0.1 


0.2 


a2 


0.2 


1.3 


0.0 


0.6 


Mm. 


8.8 


8.8 


d 

o 

1 


M. 

177.1122 


17L1271 


169.9068 


168.7616 


166. 1861 


166.1668 


168.9906 


166.2783 


170.6624 


164.8761 


166.6376 


170. 8406 


g 


8 


Mm. 


+0.4 


+0.4 


65.481 


« 

IS 

«:3 


o 


168.9910 


170.6628 


I 

p 

00 


P. 
P. 


P. 
P. 


P. 
P.* 


P. 
P. 


P. 
P. 


P. 
P. 


P. 
P. 


P. 
P, 


P. 
P. 


P. 
P. 


P. 
P. 


P. 
P. 


..I  P. 

..)  F. 

..P. 
..    F. 

..P. 
..  F. 


J. 

J. 


J. 
J. 


J. 
J. 


F. 

P. 


F. 
F. 


F. 
F. 


J. 

F. 


J. 

F. 


J. 

F. 


F. 
F. 


P. 
F. 


F. 
F. 


J. 
J. 
J. 
J. 
J. 
J. 


no 
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BetulU  of  precUe  lereHn^r— Continued. 
KBOKXTK,  IOWA,  TO  FULTON,  ILL.-^ContlinMd. 


BeDoh. 


T.B.1L80. 


*F.aP.B.M.«. 


T.  B.  M.  31. 


T.B.M.82. 


TB.M.88Mid88a. 


T.B.M.84. 


T.B.M.S5«id86a. 


T.B.1L86. 


U.S.P.B.M.10... 


T.  B.  J&>  v7  .••••••< 


T.B.M.38anA38a. 


.  R  M.  89. 


45.77 


46.70 


47.68 


4aM 


60.68 


52.10 


53.71 


54.02 


55.70 


4> 


M.  i  Mm. 
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BmulU  of  preei$e  l^ve/iitf— Continued. 
KB0KX7K,  IOWA,  TO  FULTON,  ILL.— Contiiiiiad. 


Beoob. 


TJB.lL40uid4(ki. 


T.B..lL41aiid41a. 


'1T.&P.B.1LU. 


T.B.M.4Suid4te. 


T.B.M.4SBDd4Sa 
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—0.5014   +1.7 


—a  5807 


—2.8540 
—2.8535 


-2.8537 


—5.1504 
-&1628 
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BMoh. 


*T.B.K.4»,1Cm>- 

kentto. 
U.aP.B.M.14... 


T.aH.47|. 


T.B.1C.48. 


T.BJ(.4»aiid40a 


U.&P.B.M.16.. 


T.B.M.60ftnd50a. 


T.B.1C.61. 


T.B.H.63aiid52a. 


T.aiC.63. 


X.  B<  oL  54 . 


•TJ.8.P.B.M.18 


T.  B.  M.  55. 


T.B.M.5«and56a 


lUmnUi  of  pncUe  <0nettii^--Gontinued. 
KBOKUK,  IOWA,  TO  FULTON,  ILL.~Conanaad. 
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RetulU  of  preeiie  lereZin^— Continued. 
KSOKUK,  IOWA,  TO  FXTLTON,  ILL..-Continaed. 


Bcocb. 
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Semlta  of  precise  leoelimff — Continaed. 
KICOKUK,  lOWA^TO  FULTON,  ILL.— Continaed. 
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96.60  ;  N  —1.4635   —1.1  1    0.7 

I  S I  —1.4657    +1.1  i 


M 


1.  4646 


97.81     N   —1.8309  i— 0.9  1    0.6 


8 —1.8328  1  +  1.0 


Mean..'  —1.8318 


T.  B.  M.70and70a     99.20  i  N '  +2  0445    fO.4 

'  8 i  +2.0453   —0.4 


T.B  M.7Iand71a 


T.B.M.72and72a 


T.  B.  M.  73  and  73a 


T.  B.  M.  74 


T.RM.75. 


Mean..;  +2.0449 


100.28 


8  . 

N. 


Mean. 


101. 57 


N. 
8  . 


Mean. 


104  09     N. 

I  8  . 


105.18 


Mean. 


—0.4615 
—0.4606 


—0. 4610 


+0.6 
—04 


0.3  ; 


0.3 


—0.6854  ;+0.2 
-0.6851  i— 0.1 


ai 


— fl.6852 


+  1.9325  i-1.9 
+  1.9288  !-hl-8 


1.2 


+  1.9306 


N —6.6974  1—1.6 

8 1  —0.6028  1+3.9 


N. 


106.45 


Mean. 


T.B.  M. 76 and 76a 


T.  B.  M.77and77a' 


T.  B.  M.78and78a 


N 

8. 


Mean. 


107.27     N 


—6.6064  —2.5 


1.8 


—0.5989 


+  2.7744 
+2.  7752 


+  2.7748 


—0  3881 


8 !  —0.3887 

Moan. 


+  0.4 
—0.4 


—0.3 
+0.3 


0.3 


108.58  ,  N 
i  S 


—0.3884 


—2.2738  i— 0.4 
—2.2747  1  +  0.5 


Mean..  I  —2.2742 


109  91      N !  —8.0692  1—0  6 

,  S —8.0705    +0.7 


Moan.. I  -a 0698 


0.2 


0.3 


0.4 


§ 

> 


M. 

177.6965 


a 

% 


II 


o 


Mm. 


179. 5978 


180. 0517  I 


17&5871 


176. 7553 


1 

Pi 

o 

GO 

1 

F. 
F. 

J. 
J. 

F. 
F. 

J. 
J. 

P. 
P. 
F. 
F. 

F. 
F 
F 
F 

F. 
F. 

F 
F. 

F. 
F. 


J. 


17&  8002 


178.8392 


177.6540 


17a  5846 


17a  9857 


181. 7605 


181.3721 


179. 0979 


171. 0281 


F. 
F. 

i: 

F. 
F. 

J. 
J. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 

F. 

F. 
F. 
F. 

J. 
J. 
F. 

F. 
F. 

J. 
J. 

F. 
F. 

J. 
J. 

F. 
F. 

J. 
J. 

F. 
F.     F 


BEPOBT   OF   THE   MISSISSIPPI   BIVEB   C0UMIS810N. 


115 


MesultM  of  precise  levelinff — Continued. 
KEOKUK,  IOWA,  TO  FULTON^  ILL.— Continued. 


Bench. 


T.B.l£.70and79a 


•l7.SwP.B.M.l». 


-U.S.P.B.M.20.. 

•P.  B.M.  47,  Mack- 
enzie. 

•H.W.  mark,  1851, 
Keitfaaburic  111. 
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T.&M.60 


a 

s 
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S 
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S 
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S. 
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T.  Bw  M.  88. 
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T.B.  M-87 
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120.82 
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S. 
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S. 
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S. 
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8 
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+6.2676 
+6. 2643 


+6.2660 


+0.8725 
+0.  8729 


+0. 8727 


+0. 7550 
-^  0.  7639 
+0.  7596 


+0.7«.03   —0.4 


+0.7599 


—0.3 
+0.4 


:-0.6 

fO.7 


—1.6 

+1.7 


+0.2 
—0.2 


+  4.0 
—4.0 
+0.3 


— fl.0186   +L3 
—0.0160  I— 1.8 


—0. 0173 


-0.6858  1—0.6 
—0.6870  i+0.6 


Mean..    —0.6864 


N. 


-1.1346  1—1.8 


8 I  —1.1383  1+1.9 

Mean..  I  —1.1364 


N —3.8750  —1.2 

8    I  —3.8775  +-1.3 


Mean..    —3.8762 


N, 


+  0.0590 


8 1  +0.0583 


Mean 


-0.  0586 


—0.4 
+  0.3 


r.    !    R.    ;        I 


Mm.  '  Mm. 
0.8  i 


0.2 


0.4 


1.1 


0.1 


1.1 


0.9 


0.4 


1.2 


0.8 


M. 

169. 3046 


•         • 

«B 

► 

9 

•«B 

ted 
ion. 

1* 

o  ** 

1 

o 

9 

O 

OS 

M. 

0.2       6.9     170.6248  1+0.4     170.6252 


F. 
P. 


F. 
F. 


6.9  I  173.6483 
6.9  '  170.6227 

170.3927 

j  169.9779 

'■  170.3714 


17a  0208 


I 


179.2868 


0.2  I    7.3 


180. 1595 


180. 9194 


180.9021 


+0.5  ;  173.6488    IF 


+0.4 


170. 6231 


180. 2157 


179. 0793 


175.  2031 


175. 2617 


+0.5 


175.2622 


F. 

F. 

F. 

F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 
F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


I 
I 

O 


F. 
F. 


J.      « 
J. 


J. 

J. 

J. 

J. 

F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


J. 
J. 
J. 
J. 


J. 
J. 


J. 
J. 


J. 
J. 


J. 
J. 


F. 
F. 
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Results  of  precise  leveling — Continued. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.-Continaed. 


Bench. 


a 
o 
53 


T.B.M.89and89a 


U.S.P.b.lL92 


*P.B.lL4«,MftC- 
kenxie. 


•U.8.P.B.M.23. 


*H.  W.Mark,  1881, 

New  Boston,  HL 

T.aM.90 


Km. 
124.24 


®  S 


M. 


r. 


R. 


N 4-2.0934 

8 •i-2.0928    -10.8 

Mean 


Mm.  I  Mtn. 
— 0.3  :    0.2 


124.56     N. 


+2.0031 


—5.0325 


—4).  8 


S I  -6.0331    +0.8 


Mean..!  —5.0328 


124.77 


124.82 


N. 
S. 


—1.6855 
—1.6855 


0.0 
0.0 


Mean..!  — 1.G855 


N 
S. 


124.62 
124.77 


Mean. 


+7.7472    +0.4 
+7.7481   —0.5 


+7. 7476 


N  !  —1.4046 


N. 
S. 


T.B.M.91 J  125.14 


Mean. 


N. 
S 
N. 
S. 


Mean. 


T.  B.  M.  92  and  92a  125. 23 


N. 

8. 


T.B.M.93 


126.31 


Mean. 


-4.8082  ;— 0.9 
—4.8100    +0.9 


8091 


—0.0031 
—0.0349 
—0.0083 
—0.0831 


I'+o. 


—0.0198  j 

+0.5673  1—0. 1 
+0.5672       0.0 


+0.5672 


N J  +1.6575  1-1.1 

8 1  +1.6582  i+0.2 

N  I  +1.6.532  1+3.2 


8 


Moan. 


-+^  1.6588  1—2.4 


+  1.6564  I 


T  B.  M.94 


127. 18 


N — 1.505fi    -0.5 

8 —1.  6053  1—0.  2 

X —1.5061    +0.6 

8 -1.5056  1+0.1 


Mean..  I  —1  5055 


T.  B.  M.9r. '  128.40 


N +1.8817    +1.3  t 

N -1-1.880.1    +2.7  ! 

S +1.88.'>l    —2.1 

8 '  +-1.  8851  '—2. 1 


Mean..    +1.8830 


T.B.M.96  129.39 


T  B.M.97 i  130.31 


2^ —1.0376    fO.  6 

S —1.0364    —0.6 


Mean . 


1.0370 


N +0.64-.7   —0.9 

S +0.6410    +0.  f< 


Mwin..     +0.  G41K 


Mm.. 


0. 2      7. 8 


0.0 


0.3  !    7.3 


0.6 


0.6 


0.0 


0.8 


0.2 


0.8 


a 
e 

'S 


M. 

177.2962 


172.2634 


170. 5779 


180. 0110 


§ 


t 

V 


ee 


l§ 

9'S 


Mm. 


+0. 5  I  172.  2639 


+0.4     170.5783 


+0.7 


170.8588 
167.4543 


167.4345 


168.0017 


180. 0117 


169.6581 


168.1526 


! 

o 


F. 
F. 


F. 
F. 


9 

t 

9 

o 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F.  I  J. 
F.  i  J. 


(*)    J. 

....   J. 

....I  F. 
...!  F. 


I 

P.  I  F. 
P.     F. 


P. 
P. 
F. 
F. 


P. 


F. 
F. 
F. 
F. 


P.     F 


170. 0356 


F. 
F. 


F. 
F. 


0.4    108.9986 


0.6    169.6404 


P.  I  J. 
F.  J. 
P.  J. 
F.     J. 


P.    .r. 

P.     J. 


P.     J. 
P.  ■   J. 


*  CruHaing  Now  Bo«ton  Bay. 
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Be9ult9  of  precise  leveling — Coutinued. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Continued. 


Beach. 


s 


i 

e 


I" 

a 


V. 


r. 


R. 


T.  B.M.9eaAd98a 


T.  B.M.99 


Km. 
182.22 


138.37 


T.  B.  M.  100 


T.  B.M.101 


T.  B.M.  102 


134.64 


135. 4« 


136.03 


N. 


M.        Mm. 
...;  —0.0956  —1.4 
8 —0.0984   +1.4 

Mean..    —0.0970  > 


Mm. 
0.9 


N. ..... 

S 


Mean. 


N. 
8. 


Mean. 


N. 
8. 


-!-L1632  —0.4 
+  1.1624    -fO.4 


+L1628 


—0.5866   —0.6 
—0.5877  i+0.5 


—0.5872  . 


—0.6478    +0.9 
—0.6460   —0.9 


•  Mean..!  —0.6469 


t\ 


N I  —0.2514  +2.0 

8 I  —0.2470  —2.4 

N I  —0.2493  —0.1 

8 !  —0.2501  +0.7 


T.  B.  M.  103. 


Mean..    —0  2494 


136.18     N. 


T.  B.  M.  104. 


T.B.M.105. 


—0.3069   —0.6 
8 t  —0.3080    +0.6 

! 

Mean..    —0.3074 


136.42 


N +0.00.31   —0.2 

8 '  +0.0027   +0.2 


Mean..    +0.0029 


136w96 


N — 0.0307>   ,  ft  . 

8 +0.0290S +"•* 

N —0.0212^     ft  r 

8 +0.0il4^~""' 

Mean..,  —0.0004 


T.  B  M.  106. 


13a  60 


N +2.1153    +4.0 

8 1  +2.1231   —3.8 

N j  +2.1188  !+0.5 

8 +2.1199  1—0.6 


Mean..    +2.1193 


•U.  a  P.  B.  M.24=  138. 62 
Mackeasie  B.  M.  I 

4&  I 


T.BM-107 139.61 


8 '  +1.2697  :+0.1 

+1.2698  ;    0.0 


Mean 


N 
8. 
N. 
8. 


Mean. 


+L2698 


—1.1292 
—1. 1232 
—1. 1250 
-L  1228 


—1.1250 


T.  B  M.  108  and     14L24  I  N 1  —0.6700 


lOSa. 


8 —0.6693 

Mean..,'  —0.6606 


+4.2 

—1.8 

0.0 

—2.2 


+0.4 
—0.3 


T.BM.100 1  142.36  \  N j  +1.0217  —0.1 

0.0 


8 +1.0216 

Mean. 


+1. 0216 


Mm. 


M. 

169.5434 


0.3 


170. 7062 


0.4    170.1190 


0.6 


0.6 


0.4 


0.1 


0.3 


1.1 


0.0 


LO 


0.2 


0.0 


*  River  crossing. 


169. 4721 


169.2227 


8 


Jfm. 


16&9153 


168.9182 


168. 9178 


7.7 


17L  0371 


> 
|§ 


5 
If. 


172. 3069 


+0.6 


172. 3074 


160. 9121 


160. 2425 


170. 2641 


I  I 
"I 


p. 
p. 


p. 
p. 


p. 
p. 


p. 
p. 


¥. 
¥. 


F. 
F. 


J. 
J. 


J. 
J. 


P. 
P. 


F. 

F. 
P.  F. 
P.     F. 


P.  I  F. 
P.  !  F. 


P.    J. 
P.  I  J. 


(*) 


J. 
J. 
F. 
F. 


P.  ,'  J. 
P.    J. 

P. !  J. 
p.   J. 


J. 

F. 


P. 
P. 
P. 
P. 


P. 
P. 


P. 
P. 


J. 
J. 
F. 

F. 


F. 
F. 


F. 
F. 
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Results  of  precise  leveling — Continnwl. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Continned. 


Bench. 

Distance. 

Direction. 

i       i 

0.2          V 

e 
p 

M.         Mm. 
-{-1.0536    

Mm. 



LI 

• 

Elevation. 

Rod  oorreotion. 

> 

o 
U 

If. 

Support. 

• 

o 

t 

J. 

•H.W.Mark,  1881, 
Port    Li  o  n  i  A  A 

1 

Km. 
141. 86     '^ 

1 
Mm.         M. 

17L3177 

170.5862 

t 

Mm. 

P.     F. 

144.03 

V 



_9  0 

•"••••| ---------- 

Iowa. 
T  B  M  110    ... 

+  0.3250 

1 
P.    J. 

S 

;N 

i     Mean . . 

146.71  '  N 

S 

i 

j     Mean.. 

146.30  1  N 

!s 

Mean . . 
146.08  i  N 

-4-0  3194   -J-'»-  7 

P.    J. 

• 

-H).  3218 
-f  0.  3221 

+  0.3 
-0.5 

4-0.5 

0.3 

1  170.9397 

P.  j  J. 

T.RM.111 

-H).3540 
+  0.3530 

P.    J. 
P.    J. 

T.  B.  M.  112 

+0.  3535 

—0.  3593   —1.  8 
0.3629  '-H-8 

L2 

170.5786 

. 

P. 
P. 

1 
1 

F. 

F. 

—0.  361 1 

* 
+4)   1 

0.1 

170.9835 

1 

T  B.M.113 

+0.4048 

P.     F.' 

8 

Mean.. 

+0. 4050   — f)  1 

P.  i  F- 

—1.5 

+  1.4 

1.0 

t 
\ 

;  172.8155 

+0.4049 

1 

T.  B.  M.  114  and 

147.81  1  N 

i  M 

4-1.3335 
+  1.3306 

P.     F. 

114  a. 

P.     F. 

148.80 

Moan . . 

N 

8 

—3.2 

LI 

.......... 

i  172.6571 

+  1.3320 

1 

T.B.M.116 

-fO-2448 

P.     F. 

+0.2398   4-1.8 
+0.2401    4-1-5 

P.     F. 

1  N 

Mean . . 

149.32    N 

IS 

Mean. 

160.72    N 

to....   ... 

'     Mean . . 

150.85    8 

N 

!     Moan . . 

150.85  In 

150.90  ,  N 

150.90    N 

151.65    N 

8 

Mean.. 

151.68    N 

152.96  In 

S 

Mean.. 

P.  t  F. 

—0.6 
+  0.5 

—1.  1 

0.4 

1 

■ 
17L5345 

P. 
P. 

P. 
P. 

P. 
P. 

T.RM.118 

+0. 2416 

—1.  0220 
—1.  0231 

F. 
F 

0.7 

......  .......... 

17L6581 

—1.0226 

T  B  M  117 

+  0.0247 

J. 

+0.0225    -4-1.1 



,T 

+0.  0236 

+  0.9 
—1.0 

...... 

0.6 



S.1     172.0005 

+0.5 

172. 0010 

*U.8.RB.M.25. 

+0.4415 
+0.4434 

J. 
F. 

I 
17L9187 

172.0015 

+0.  4424 

■  H.    W.    Mark. 

+  0.3600 

F. 

Jane,  1880. 

*  H-  W.  Mark,  1851 

*  a    W.     Mark. 



10.0010 
'  —0.0157 

F 

1  171.9848 

F. 

Oct.,  188L 
T.aM.118 

+  1.9 
—1.9 

—0.5 

L3 

j  173.1461 



P. 
P. 

M.5H61 
+  L5fc»9 

J. 
J. 



0.3 

a  2     173.  2539 
]  17L2987 

+0.5 

173.2544 

+  1.5880 

*  U.  S.  P.  B.  M.  26  . 

j-0.  1078 

...      J. 

T.B.M.119 

—1.  8469 

P.     J. 

— L8478    4-0.4 



P.     J. 

— 0.fi 

0.4 

'  172.2785 

1 

—1.  8474 

P. 
P. 

T.  B.  M.  120  and 

154.62 

V 

4-0.9804 

F 

120a. 

;s 

Mean.. 

+  0.9791    -t-0.  7 



F. 

■ 

; 

- 

+0.9798 
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lte»uli8  of  preciae  lereling — ContiDiiexl. 
KEOKUK.  IOWA,  TO  FULTON,  ILL.— Coutinued. 


Bench. 


T.  B.M.121, 


T.  B.M.122. 


t 

i 
1 

• 

a 
o 

erence  o 
vation. 

1  ^- 

c 

%3 

5 

P 

5 

3f. 

1 

1 

Km. 

i  Min. 

155.27 

N 

—2  5495 

+  1.0 

S. 



-2.  5475 

—1.0 

Mean.. 
N 

—2.5485 

156.49 

+0.8871 

+1.7 

S 

.   .  .  . 

.  -h  0.8004 

—1.0 

R. 


o 
o 


a 
o 

9 


(fa 
> 


i     \     I 


I 


Min.  i  Mm.         M.       \  Mm. 
0.7    169.7300  ' 


o 


M. 


t 

• 

i 

s. 

i 

p< 

2 

0 

^s 

CO 

o 

p. 

P. 

p. 

F. 

1.1    170.6188 


Mean..;  +0.8888 


T.  B.  11.123 157.79 


N +2.0076       0.0 

S +2.0U77  1-0.1 


0.0    172.6264 


Mean..'  +2.0076 


T.  B.M.  124 i  158.36  i  N (  +0.1844 

!  S ;  +0.1848 


Mean. 


T.  B.  M.  125. 


♦H-W^.  M..  Apr. 

21. 1870,24  milea 

below     Mnsca- 

tioe,  Iowa. 
•H.  W.  M..  June 

28.1880. 
•  H-  W.  M.,  Oct.,  !  159. 36 

1881 
T.  B.  M.  126    1  160.23 


159.  31 


N 
S. 


+0. 1846 


+0.2 
—0.2 


0  1    172.8110 


1. 


+0.0818    -Hi- 1 
+  0.0840  1—1.1 


0.7 


•Mean..!  +0.U829 


172, 8939 


P. 
p. 

F. 
F. 

p. 
p. 

F. 
F. 

p. 
p. 

J. 
J. 

p. 
p. 

J. 
J. 

159.36 


159. 36 


N —0.3710  ; , , '  172.5229    , J. 


N —0.1720 


N —0.1350 


N .|  —1.0263    +1.1 

S 1—1. 0241  !— 1. 1 


0.7 


172. 7219 
172. 7589 
17L8687 


J. 
J. 


P.  I  J. 
P.  i  J. 


T.  B.  K.  127  and 
127a. 


Mean..!  —1.02.52 


160.86 


N 

S. 


—0.110.5  1—0.5 
—0.1116   +0.6 


0.4  ; 17L7577 


Mean. 


0. 1110 


P. 
P. 


J. 
J.    I 


U.  S,  P.  B.  M.  27  -    161. 08 


T.  &  M.  128  and  ,  163. 04 
128a. 


•  IL  'W.  M.,  June,  i  163. 10 

1880.  Muscatine,  I 

Iowa. 
•H.  W.  M.,Oct,     163.10 

1881. 
T.B.M.129 164.06 


\ 
U.S.  P.  aM.28  .<  164.08 


'.P.  B.  IL  44,  Mac-     164. 12 
kenxie. 


N 

S. 


+2.07P0   —0.1 
+  2.0788  i  +  0. 1 


0. 1  ;    a  4  i  173,  8366    +0.  5  i  173. 8371 


Mean.  !  +2.0789 


N 1  +1.3444  1—1.2 

S +1.3419    +1.3 


0.8    173.1009 


Mean..    +1.3432 


P.  i  J. 
P.     J. 


P.     J. 
P.    J. 


N —0. 0277 


N I  -0.0027  , 

N +0.0176  I— L6 

S +0.0144  1  +  1.6 

Mean..    +0  0160  i 

N i  +L1794       0.0 

8 +1.1794  .     0.0 

Mean..^  +1.1794  \ 

N +0.2029    +0.1 

S ;  +0.2031   —0.1 

Mean..;  +0.2030 


173. 0732 


173. 0982 


J. 


J. 


1.1  1 173.1109 


0.0  I    8.5  •  174.2963    +0.5  !  174.2968 


P.     F. 
P.     F. 


F. 
F. 


0.1       a5  i  173.3190    +0.5  1  173.3204 


'  F. 
F. 
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RewlU  of  preciH  leveUug — CoDtinnud. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Continued. 


Bench. 


a 
5 


a 
o 


II 


V. 


R. 


0 

o 


t 

8 


9 


§ 


U(ta.niai-kinweUi 
of  water  works,  j 
Muscatine,  To-  i 
wa.  . 

*  H.  W.  M.,  Oct., 
1881,Mu8catine, 
Iowa. 


U.  8.  P.  B.  M.  29  .  J  164. 35  I  N  .. 


Km. 
164.15 


164.14 


N 

8 

M. 

—0.6287 
—0.6200  1 

Mean.. 

—0.6288 

1 

?.::::::• 

—0.  0129 
—0.0122  1 

Mean.. 

—0.0126  j 

Jffft. 
—0.1 
-1-0.2 


+0.3 
—0.4 


Mm.  I  Jim. 
0.1    


as 
> 


172.6011  I 


o 


M. 


00  I  O 


0.2  >. 


173. 1043 


F. 
F. 


F. 
F. 


1.3178 
S +1.3172 


Mean..    +1.3175 


—0.3       0.2  j    8.5  I  174.4344 
+0.  8 I 


+0.5  I  174,4349 


P.  ;  F. 
P.  i  F. 


T.  B.  M.  130  and 

130ff. 


T.  B.  M.  131  and 

131  a. 


T.  B.  M.  132  and 
132a. 


•  U.  S.  P.  a  M.  30  . 

T.  B.  M.  133  and 

133a. 


T.  B.  M.  134  and 
134a. 


U.S.  P.  B.M.31  .. 


165.44 


166.99 

168.84 

169.47 
170. 10 


N i  —0.8984  1+0.2 

8 1  —0.8979  j— 0.3 

Mean..'  —0.8982 


0.2  1 i  178.5362 


N +0.0599  1+2.5!     L7  i 173.5086 


8. 


Mean. 


N 
8. 


Mean. 


N 

N 
8. 


Mean. 


+0.0650 


+  0.0624 


—2.6 


+  0.2340  ^-0.6 
+0.2328  rfO.6 


0.4 


+  0.2334 


+0.0610 


+  1.5424 
+  1.5389 


+  L5406 


171  58 


N i  +0.3503 


8. 


172.65 


T.  U.  M.  135 173.66 


Mean. 


+0.3534 


173.8320 


P. 
P. 


r. 

F. 


—1.8 
+  1.7 


+1.5 
—1.6 


1    S.7     174.7930 

1.2  I  ....      175.3726 


1.0 


8. 


+0. 3518 


—1.1705    +0.3 
—1. 1699  —0.  3 


0.2  !    8.8     174.5542 


+0.5 


175. 7244 


Mean  .'  +1.1702 


N 
8. 


+  1.3105  —0.8 
+  1.3179  1+0.8 


0.5 


Mean..    +1.3187 


+0,5 


174.7035 


174  5547 


175.  8729 


P.     F. 
P.  '  F. 


P.  I  J. 
P.  ;  J. 


P.  !  J. 


p.  J. 

p.  i  F. 

P.  I  V. 

P.  F. 

P.  F. 

P.  F. 

P.  F. 


*  U.  S.  P.  B.  M.  32 


T.B.  M.  136. 


173.68 
174. 15 


N I  +1.3146 


N 1  +0.3607  1—1.3 

S +0.358*J  ;  +  1.2 


Mean..'  +0.3594 


0.8 


8.8  i  177.1875    +0.6 


176.  2323 


177.1881  ' J. 


P. 
P. 


F. 
F. 


T.  B.  M.  137  jintl     175. 50 
137a.  1 


T.  B.  M.  138  and     176.72 
138a.  : 


*  U.  S.  1».  B.  ^L  38  .    176.96 


N I   +0.4745  1—0.7 

S +1.4732    +0.6 


0.4    177.7061 


P.  :  J. 

P.  !  J. 


Me&l        +1.4738 


N 1  —0.5076    +0.3 

8 —0.5070  —0.3 


0.2    177.1988 


Mean.J  —0.5073  i 


N 
S. 


—1.8109    +0.7 
—1.  8096  —0.  6 


0.4       8.9 


Me4in..    —1.8102 


175. 3891 


P. 
P. 


P. 
P. 


J. 
J. 


P. 
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IU»ult9  of  predte  ZereZtiip— Continued. 
KEOKUK,  IOWA,  TO  FULTON.  ILL.— Conttnned. 


Keneh. 


a 
« 


u 

£ 


"3 


V. 


*  P.  B.M.  43,  Mae-  i 

on     Kim    Tree, 
Fairport,  Iowa. 


Km. 

177.24 

177.  ha 


1        J/. 

N I  — L0170 


Mm. 


I  — 


.2 


Jfin.  i  Jfm.         if.       { Mm. 

8.0  I  176.1818   +0.« 


S 


Mpan. 


T.  B.  M.  139  and  t  178. 21 


N. 


— 3.He2l  I +  1.3 
—3.8694  i— 1.4 


—3.8608 


—0.  8628 


—0.8622   —0.3 


Mean  . . :  — 0. 8625 


T.  B.  M.  140  and 
1400. 


179.50  1  N +0.6706  —0.8 

:  S I  +0.6690     1-0.8 

I ! 

Mean..;  +0.6608 


T.  B.  M.  141  and 
141a. 


180.65 


N —1.39.52    +1.2 

S :  —1.3928   —1.2 


r.  S.  P.  B.  M.  »4...i  181.31 


Mean  . .    —1. 3940 


N ,  — f.5i:«  +o.r. 

S i  —0.5123   —0.5 


Mean..;  —0.5128 


T.  B.  M.  142  and 
142a. 


T.  B.  M.   143  and 
143a. 


181.98 


N i  +1.2352  1—0.2  I 

S I   +1.2347  1+0.3  ! 


Mean..    +1.2350 


183.18 


K I  +0.2463    +3.8 

S [  +0.2527   —2.6 

S +0.2512  !— 1.1 

S I  +0.2501  I     0.0 


Mean..    +0.2501 


T.  B.  M.   144  and 


184.32 


+  1.8869    +4.0  '     0.7 


N 

S i  +1.8922   —1.3  i 

X  +1.8918  I— O.Oij 

S +1.8927   —1.8 

N '  +1.8909  ;     0.0 


Mean..:  +1.8909 


T.  B.  M.  145. 


18&01 


N '  —0.2702  i    0.0 

8 —0.  2701   —0. 1 


Mean..    —0.2702 


■U.S.  P.  H.M.  35..!   185.18 


N +0.0050  i  +  0.4 

S ;  +0.0057    -0.3 


Mean..    +0.0054  i 


0.9 


M. 

176.1824 


173.3380  +0.5  !  173.3885 


S. 

P. 

9 


F. 

F. 
F. 


I 


J. 

J. 
J. 


+0.3  !    0.2    176.3363 


0.5 


177.0061 


F.    J. 
F.     J. 


0.8    !  175.6121 


F. 
F. 


F. 
F. 


F.I  F. 
F.  I  F. 


0.3       8.9  i  175.0993 


+0.5 


175.0908 


0.2 


....      176.3343 


0.9  ; 176.5844 


178.  4753 


F. 
F. 


F. 

F. 


F. 
F. 
F. 
F. 


J. 
J. 


J. 
J. 


J. 
J. 
J. 
J. 


0.0    17a3061 


F.  i  F? 
F.     F. 
F.  I  F. 
F.  I  F. 
F.     F. 


0.2  I    9.0  ,  178w2105  |+p.6     178.2111 


T.  B.  M.  146 


186.07 


N i  —0.6355  ;— 1.  7  ] 

S !  —0.6390    +1.8 


1.2    ;  177.6679 


r.  S.  p.  B.  M.  35A 


T.  B.  M.   147  and 

147a. 


Mean  . .    — 0. 6372  i 


I, 


186.95 


187.43 


N. 
S. 


i  —1.6454    +0.2 
I  —1.  6451   —0. 1 


0.1       0.1     175.0227  ,+0.6     175.9233 


Mean  . .    —1. 6452 


N. 
S 


+0.2814  ,  +  0.7 
+-0.2828  '—0.7 


0.5    ,  176.2048  '. 


Mean   .;  +0.2821 


F.  I  F. 
F.     F. 

I 

...    F. 
...    F. 

F.     F. 
F.     F. 

I 
I 

F.    J. 
F.    J. 

I 

F.    J. 
F.    J. 
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ResnltH  of  precipe  lereling — Continued. 
KEOKUK.  IOWA.  TO  FULTON,  ILL.— Continued. 


Bench. 


« 


a 
o 


V. 


r. 


K. 


ee 


a 
s 


o 


T.  B.  M.  148  and 
148a. 


T.  B.  M.  140  and 

I40a. 


T.  B.  M.  150  and 

lM)a. 


T.  B.  M.  151  and 
151a. 


T.  B.  M.  152  and 
152a. 


T.B.M.15:i 


Km. 
188.12 


N. 


M.       ;  Jf«t.  I  Jfw.  I  Mm.  \       J/. 
}  2. 2H01    —1.  5       1.  0  ■ I  178.  4864 


S +2.2830    -j-1.4 

Moan.      +2.2816 


Mm. 


ee 
> 


o 


If. 


188.86 


N. 
S  . 


+  0.2240   —0.2 
+0.223U    +0.2 


0.1     178.7102 


190.18 


Moan..!  +0.2238 


N. 


+ 1.  19.V2       0.  0       0.  0    1  179.  9054  i 


S ,   +1.1951   1  +  0.  1 


190.60 


Mean  ..;  -|-1.  19.52 
N '  —0.  6-553  ,  +0. 3       0.  2    I  179.  2504 


—0.6546  —0.4 


Mean  ..'  —0.0550 


192.  10 


S 


__3.  4540  1—0.6 
—3.4553    4-0.7 


0.4  ; I  175.7958 


Mean       — ^.  1546 


192.43  j  N i  —0.0522   —0.1 

I  S !  -0.0524  i-fo.  1 


0.1 


T.B.M.154 


102.  93 


Moan  . .  I  —0. 0523  I 


175. 7435 


*U.S.P.B.M.36. 


T.  B.  M.  155  and 

155a. 


T.B.M.156. 


N     +0.1140  1  +  2.5 

S '  +0.1183  '-1.7 

N +0.1162  '  +  0.3 

S I  +-0. 1177  1—1.2 


0.6  1 175.8600 


Mean..    +0. 1165 


193. 12  I  N j  +-2.  5400       0.  0 

S I  +2.5399   4-0.1 


0.  0  I    9.  2 


178. 4000 


Mean..!  +-2. 5400 


193.49 


194.45 


N '  +0.0378  1+0.2 

S i   +0.0381  .—0.1 


0.1 


+0.6 


178.4006 


175.  8980 


Mean..    +0.0380 


♦U.S.P.B.M.87. 


T.  B.  M.  157  and 
157a. 


194.52 


195. 10 


N i  +0.5318    +3.4 

S +0.5379   —2.7 

N I  -hO.  5372  1—2.0 

S ;  4-0.5341  i+1.1 

Mean..!  +0.5352  ! 


LO  \. 


N '  +3.0,326  1+0.4 

S +3.0333  1—0.3 

Mean-.!  +3.0330  ' 


0. 2       9.  2 


176.4332 


179.4662    +0.7     170.4600 


N +0.6062    +1.0 

S '  +0.6083  I— LI 


0.7 


177.  0404 


Mean..'  +0.6072 


T.RM.  158 t  196.06 


N +0.9624  M  1.3 

S .'  +0.9650  '— L3 


0.9    i  178.0041 


Mean  ..'  +0.9637  i 


cc      C 


F.  '  J. 

F. ;  J. 


F.     F. 
F.     F. 


F. 
F.     F. 


F.     J. 
F.     J. 


F.  ''■  J. 
F.     J. 


F. 

F. 


F.  I  F. 

F.  1  F. 

F.  i  F. 

F.  F. 


F.  !  J. 
F.     J. 


F. 

F. 

F. 

F. 

F. 

1 
1 

J. 

F. 

1  J. 

F. 

1  J. 

F. 

J. 

.  i  F. 

..|  F. 

I 


F.  ,  J. 
F.     J. 


F. 
F. 


F. 
F. 
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RenultB  of  precise  leveling — Continned. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Continued. 


Bench. 


a 


a 
o 

t 
Q 


P 

o 


I    JTtn. 
T.  B.  M.  150  and  i  196. 69 

11 


r. 


R. 


S 

N 
S 


+  1.7 


N '  +0  2235 

'  -»-o.2*i«8  1—1.6 
+  0.2259  —0  7 
-1-0.2248  1-1-0.4 


Mm.    Mm, 
0.5  I 


Mean..!  +0.2252 


T.  B.  M.  160  and  |  196. 93 
leOa. 


N ;  +1.06.38  1  +  1.3 

S +L0664  U l.S 

N I  -fl.0650  !-fO.  I 

8 j  +1.0652  —0.1 

Mean . 


0.4 


T.  B.  M.  161  and     196.33 
161«. 


+  1.0651 


N. 


—0.2918   — L8 

+-1.7 


L2 


S ;  —0.2953 

Mean..;  —0.2936 


T.  B.  IC  162. 


199.46 


N —2.3250  —4.2 

S I  —2.3325    +3.3 

N [  —2.3290  ;— 0.2 

8 1  —2.3303  1  +  Ll 


LI 


T.  B.  M.  163  and 


200.48 


Mean..    —2.3292 


N +0.2766   —2.2  i 

S '  +0.2721  1+2.3 


L5 


Mean.  J  +0.2744 


T.B.M.  164 1  20L66 


N. 
8  . 


Mean 


+  L3340 
fL3365 


T.  B.M.ie5. 


T.  B.  M.   106  and 


+-1.3352 


+  L2 
— L3 


0.8 


202.88  I  N —1.6418    -0.2 

S —1.6422  1+0.2 

1 i 

Mean..!  — L6420  i 


0.1 


204.15  !  N +0.2903  1—2.9 

8 1  +0.2^39    +3.5 

X 1  +0.2876  1—0.2 

S +0.2878  1—0.4 


0.9 


T.  B.  M.  168  and 


Mean..!  +0.2874 


205.70 


•U.  S.  P.  B.  M.  38. .    205. 71 


T.  B.  M.   170  and  {  206.78 
170  «. 


N I   +0.4104    +0.4 

8 '  +0.4112  1+0.4 


0.3 


Mean..    +-0.4108 


N. +1.6909  1+0.1 

8 +L6912  —0.2 


Mean..l  +1.6910 


N t  +0.6767  1—0.1 

8    1  +0.6784  jfO.2 


T.  B.  M-  171  and 
171  a. 


T.  B.  M .   172  and 
172a. 


208.17 


Mean..    +-0.6766  \ 


N j  +L7992   —0.8 

8 1  +L7976  1+0.8 


208.99 


Mean  ..I  +L7984 


0.1 


0.1 


§ 
> 


M. 

17^2293 


a 
o 


P 


e 


Mm. 


M. 


179. 2944 


179.  0008 


176. 6716 


176.9460 


9.7 


17a  2812 


176. 6392 


176. 9266 


177. 3374 


179. 0284 


+0.7 


178.  0140 


0.5  , 179.8124 


N I  +L0681  1-0.3 

8 -fL0676  1+0.2 


Mean..    +1.0678 


I     9 
GO 


F. 
F. 
F. 
F. 


F. 
F. 
F. 
F. 


F. 
F. 


F. 
F. 
F. 
F. 


F. 
}f. 


F. 
F. 


F. 

F. 


90 

O 


F. 
F. 
F. 
F. 


F. 

F. 

F. 

I  J. 


J. 
J. 


J. 
J. 
J. 
J. 


J. 
J. 


F. 
F. 


F. 
F. 


F.  F. 

F.  F. 

F.  F. 

F.  F. 


F. 
F. 


179. 0291 


F. 
F. 


J. 
J. 


F. 
F. 


J. 
J. 


F.     F. 
F.  I  F. 


124 


REPORT    OF    THE    MISSISSIPPI    RIVER   COMMISSION. 


Results  of  precise  leveHnff — CoDtiDued. 
KEOKUK.  IOWA,  TO  FULTON.  ILL.— Continued. 


Bench. 


i 


a 
o 

53 


t 

Q 


*U.  S.  P.  B.  M.  39. 


Km.    ' 
209.02  I 


N. 
S  . 


Mean 


J£.  1 1  J£tn. 
—0.0061  i-fO.  1 
—0.0059  —0.1 


—0.0060 


T.  RM.  173 209.68 


*Zero  of  ganee  at 
Kock  island 
Bridge. 

•U.S.P.B.M.40.. 


^Astronomical 
post.  Rock  Is- 
land. 


•H.  W.,1880. 
T.  B.  M.  175. . 


209.96 
209.80 


N. 


....;  — L4397  j— 0.5 
S I  -1.4407  1+0.5 

Mean..  I  —1.4402 


N ;  — &0315 


210.07 

209.96 
211.  52 


N '  +2.6728  1+0.4 

S 1  +2.6785  —0.3 


Mean..'  +2.6732 


N i  —0.4391  UO.  1 

8 —0.4388  —0.2 


Mean..!  —0.4390 


X 1  —2.4233 


N.......    +0.6892  —1.3 

S !  +0.6866  1+1.3 


Mean..!  +0.6879 


♦U.S.P.B.M.41..i  211.86 


T.  B.  M.  176  and 
176a. 


T.B.M.177. 


*U.S.P.B.M.42.. 


T.  B.  M.  178- 


213. 51 


214. 36 


N. 

S  . 


Mean. 


+  3.1766       0.0 
+3. 1767  —0. 1 


+  3.1766 


N I  +1.5206  i    0.0 

8 +L6207  1—0.1 


Moan..    +1.5206 


X. 

s. 


—1.3763    +1.9 
—1.3726  1—1.8 


Mean.  I  —1.3744 


214.  55 


X —0.7034  ,—0.6 

S !  —0.7046    +0.6 


Mean..!  —0.7040 


215.15  i  N I  +0.5246  1+0.4 

I  S :  +0.5253  '—0.3 


Mean..  I  +0.5250 


T.B.M.179 i  216.22 


N !  +0.1589   +1.6 

S +0.1621  1—1.6 


Mean..)  +0.1605 


T.B.M.  180. 


217.28 


N. 
8. 


+  0.3918   —2.0 
+0.3879  I  +  L9 


Mean..i  +0.3808 


T.B.M.  181 1  2ia27 


X i  —1.4885  ;— 0.1 

S I  —1.4886       0.0 


Mean..;  -1.4886 
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BesulU  of  precipe  leveling — Continued. 
KBOKTrX,  IOWA,  TO  FULTON,  ILL.-Contlnued. 


Beoob. 


T.  R.  IC  182 


T.  R.  M.  183. 


T.  Bw  M.  184  aind 
I  Mm. 


T.  B.M.186 


T.  B.  M.  186  and 

II 


U.  S.P.  B.M-43 


T.  B.  M-  187 


T,  B.  M    188  »nd 


•U.S.  P.  B.M.44, 


s 

I 

5 


Etn. 
219.27 


220.17 


Q 
O 


5 


N 

8 


Mean. 


N. 
8 
N 
S 


i 

■z   . 

s§ 

i! 


Mm. 
+1.2212  —0.7 


R. 


+  1.2108 


+  1.2205 


Mm. 
0.5 


+0.7 


+0.8765    +4.2 


+  0.8794 
+0. 8815 
+  a.  8847 

N j   +0.8813 

8 +0.8808 


Mean. 


+  0.8807 


221.45 


222.34 


N I  —1.6218 

S    '  —1.6169 

N —1.6142 

8 ;  —1.6179 


Moun.      — 1.6177 


N. 
8 


I  —1.3258 
i  -1.3272 


+  1.8 
—0.8 
—4.0 
—0.6 
—0.1 


+4.1 
—0.8 
—3.5 
+0.2 


—0.7 
+0.7 


Mm. 


0.7 


a 
o 

e 


M. 

181. 0813 


a 
o 
:3 


8 


II 


Mm. 


181.  9620 


e 


If. 


1.1 


180.8443 


0.5 


179.  0178 


Meau  .,  —1.32(15 


223.17 


N —0.2976  1+0.2  '     0.1 

S :  —0.2973  1—0.1      


223.28 


Mean 


—0. 2974 


N 
8 


+  2.7073 
+2.7072 


—0.1  ; 
0.0 


0.0 


10.1 


224.40 


Mean  .,  +2.7072 


N 

8 


+2.8087   —0.3 
+2.8081    +0.3 


0.2 


Mean  .1  +2.3084 


178.  7204 


181.4276    -fO.7 


181.4283 


181.0288 


225.12 


225.93 


N 

8 


+  1.3826  —1.0 
+  1.3806    f  1.0 


0.7 


Mean..    +1.3816 


T.  B.  M.  189  and  I  225.98 
I 


N —0.5884   —0.8 

8 1  +0.5869  1+0.7 

Moau.i   +0.5876  , 


0.5 


182.4104 


10. 1  I  182. 9980 


+  0.8  I  182.9988 


N 

S 


+0. 1590    —1.  0       0. 6    182.  5684 

+  0.1571  1  +  0.9  j 1 1 


s. 

p. 


P. 
P. 


P. 

F. 
F. 
F. 
P. 
P. 


F. 
F. 
P. 
P. 


t 

I 


J. 
J. 


F. 
F. 
F. 
F. 
F. 
F. 


F. 

F. 
F. 
F. 


P.    J. 
P.     F. 


P. 
P. 


J. 
J. 


P.  j  J. 
P.     J. 


P. 
P. 


P. 
P. 


P. 
P. 


J. 
J. 


F. 
F. 


Mean       +0.1580 


r.S.  P.  B.  M.45.^  226.31 
IL      W..  Junt*.   \ 


N ,   -  2.62.'>l    —0.3       0.  2  ,   10. 1      179.94:U)    -f  0.  7      179.  94:J7 

S    —2.6257  1+0.3      I i I 


Mtran  .    -2.6254  . 


T.   B.  M.  IW  aud  i  227.21 
1! 


N +1.6610  i— 2.1  I     1.4 

.S +1.6568     f2. 1  , 
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Hemlta  of  precise  leveling — Coutinaed. 
KEOKUK,  IOWA.  TO  FULTON,  ILL.-^oniioaed. 
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ResullB  of  precise  leveling — Continued. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Continued. 
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Re$uU8  of  predne  lettUng — Continued. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— C.'outinued. 
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I>IB0RIFTION  OF  PERMANENT  BENCH-MARKS  BETWEEN  CARROLLTON,  UL,,  AND  BILOXI 

MISS. 

U.  S.  C.  S.  B.  M.  No.  1  is  a  small  cross  (+)  cut  on  iron  sill  of  walled-up  door,  near 
northwest  corner  of  Beventli  district  Babcock  engine-house,  Carrollton,  La.  Eleva- 
tion, 9".0272. 

Hampson  Bench  (Wiluams). — The  old  Hampson  Bench  is  a  spike  in  N.  W.  corner 
of  N.  0.  and  C.  R.  R.  niacbine-shop  at  Carrollton,  La.  It  is  between  the  19tb  and 
20th  eourees  of  bricks  below  tbe  window-sill,  and  about  six  inches  (G'^)  below  the  sur* 
face  of  the  ground.     Elevation,  8™.d292. 

Hampson  Bench  (Re-established  by  Major  Howell)  is  a  spike  in  the  N.  W.  cprner  of 
N.  0.  and  C.  R.  R.  machine-shop  at  Carrol Iton,  La.  It  is  between  the  2Ist  and  22d 
coorses  of  brick  below  the  window-sill.    Elevation,  8*".6.'i5L. 

B.  M.  3  {Ripley^  1875)  is  the  top  of  a  broken  spike  driven  into  the  north  face  of  the 
car-house  uf  tbe  N.  O.  and  C.  R.  R.  It  is  two  feet  (2')  west  of  west  side  of  door,  on  a 
level  with  the  course  of  bricks  upon  which  the  door-sill  rests.     Elevation,  9™.775*2. 

B.  M.  4  {Ripley f  1875)  is  the  top  of  a  ship-spike  driven  in  the  north  side  of  the 
machine-shop  of  the  N.  O.  and  C.  R.  R.,  0.2  ft.  from  N.  W.  corner.  The  spike  is 
driven  between  the  bricks,  37  courses  trom^top  of  window  casing.     Elevation,  9°^.5181. 

B.  M.  5  {Bumeyj  1875),  is  mark   ^j  ^^  cut  on  the  west  end  of  iron  sill  of  the 

U.  S.  £. 

north  door  of  the  N.  O.  and  C.  R.  R.  depot.    Elevation  9".0303, 

U.  S.  P.  B.  M.  '*  Carrollton''  is  the  center  of  small  hole  in  center  of  copper  bolt, 
leaded  horizontally  in  north  face  of  masonry  of  northwest  corner  pillar  of  old  court- 
booae,  at  Carrollton,  La.    The  bolt  is  in  the  middle,  about  0.03  ft.  from  water  table 

US 
of  piUar  and  about  2.5  ft.  above  the  ground.    The  letters       Q       are  out  near  the 

PBM 
bolt  Elevation,  9=».  1478. 

City  B.  M.  x  x  Stone  is  top  of  granite  marking  stone  set  in  ground,  in  line  of  trees, 
on  the  west  side  of  Carrollton  ave.,  about  half-way  between  3d  st.  and  Zimple  st., 


CarrolltoD,  La.,    The  stone  is  marked  thus: 


X  X  M  B 

JUNE 

+ 
1874. 


The  mark  -f-  denotes  the 


point  where  the  rod  was  held.     Elevation,  7"»  7655. 

City  Stone  {corner  Washington  and  Carrollton  avenues).  This  stone  is  set  at  south- 
east corner  of  crossing  of  Washington  and  Carrollton  avenues,  near  New  Orleans,  La. 
Elevation,  7"».76:«. 

U.S^P.  B.  M.  1  is  a  copper  bolt  leaded  vertically  in  the  top  of  the  northwest  por- 
tion of  draw-pier  of  bridge,  called  the  **  White  Bridge,^'  crossing  the  new  canal,  on 
the  Carrollton  road,  near  New  Orleans,  La.    Elevation,  6™.  9402. 

City  Stone  **  Halfway  House''  is  a  granite  marking-stone  set  in  ground  on  west  side 
of  navigable  canal  (New  Basin),  near  Metairie  Rid^e  Bridge,  between  the  Halfway 
House  and  the  gate  to  Metairie  Cemetery.  It  is  said  to  be  the  line-stone  of  the  Or- 
leans and  Metairie  Parishes  of  New  Orleans,  La.  The  stone  is  marked  on  top  with  a 
cross.   Elevation,  7™.  9870. 

Bench-mark  '*  Height  of  Metairie  Ridge''  is  a  granit^e  marking-stone  set  in  ground 
12  ft  southeast  from  southeast  abutment  of  Lake  Bridge,  on  east  side  of  canal  (New 
Basin).    The  bridge  crosses  the  canal  (New  Basin)  opposite  Toney's  House,  West  End, 


near  New  Orleans,  La.    The  top  of  the  stone  is  8''  x  13'',  and  is  marked 


BENCHMARK 

HEIGHT  OF 

METAIRIE 

RIDGE. 


Elevation,  7».  6753. 

Benchmark  (near  Lake  Honse,  West  End,  La.).  This  bench-mark  is  the  top  of  a 
atone,  set  in  ground  between  the  Lake  House  and  Toney's  House.  It  is  on  line  with 
front  fence  of  Toney's  Honse,  160  ft.  from  center  of  canal  and  about  30  ft.  from  road, 
crossing  the  canal  on  the  Lake  Bridge,  at  West  End,  near  New  Orleans,  La.  Eleva- 
tion, ?«•.  1244. 

U.  8.  P.  B.  M.  2  is  the  center  of  a  copper  bolt  leaded  horizontally  in  the  northwest 
face  of  the  south  one  of  two  brick  abutments,  at  northwest  end  of  draw-bridge  across 
,  .  US 

the  Bayou  St.  John,  on  the  Esplanade  Road,  New  Orleans,  La.    The  letters      0     are 

PBM 
cot  near  the  bolt.    Elevation  9«».1593. 

U.  S.  P.  B.  M.  3  is  center  of  copper  bolt  leaded  horizontally  in  the  east  face  of  mid- 

H.  Ex.  37 ^9 
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die  brick  gate-ppat  of  Gentilly  gate  on  eaat  side  of  Fair  GrouDds,  New  Orleans,  La. 
The  bolt  is  leaded  in  tbe  middle  brick  of  the  fifth  (5th)  course  above  the  surface  of  the 
ground.    The  letters  U0S  are  cut  near  the  bolt.     Elevation,  7"».6746. 

U.  S.  P.  B.  M.  4  is  the  center  of  a  copper  bolt  leaded  horizontally  in  wall  of  Fort 
Macomb,  Chef  Menteur,  La.,  on  right-hand  side  (as  you  go  in)  of  entrance.    There  is 

U  8 
a  moat  around  the  wall.   The  letters  18082  are  cut  about  the  bolt.   Elevation,  8^'.5427. 

PBM 
U.  S.  P.  B.  M.  5  is  a  copper  bolt  leaded  vertically  near  center  of  old  draw-bridge 

Sier,  just  north  of  iron  tniss  bridge  over  the  Rigolets,  near  Rigolets  Station,  on  the 
.  O.  and  M.  R.  R.^  La.     Elevation,  6™.9509. 

U.  S.  P.  B.  M.  6  18  a  copper  bolt  leaded  in  top  of  marking-stone  set  to  within  0.25 
ft.  of  its  top,  in  high  point  of  ground  just  east  of  East  Pearl  River,  in  Miss.  It  is  200 
meters  east  of  the  eastern  pier  of  iron  truss  bridge  over  the  East  Pearl  River,  on  the 
N.  O.  and  M.  R.  R.,  and  27.2  meters  south  of  the  center  of  main  railroad  track,  by 
fence  in  front  of  land  of  Mrs.  Sarah  Uelph.    Elevation,  9^.5649. 

U.  8.  P.  B.  M.  7  is  center  of  cross-cut  in  top  of  marking-stone,  marked  U.  S.,  set  in 
ground  just  north  of  north  fence  of  house  lot  of  Pat.  Ferril,  near  Claiborne  Station, 
on  N.  O.  and  M.  R.  R.,  Mist^.  It  is  18  meters  south  of  center  of  main  track,  12  meters 
east  of  east  end  of  station-house,  and  36  meters  west  of  west  end  of  wood-shed  of 
N.  O.  and  M.  R.  R. ;  the  distances,  12  meters  and  36  meters,  being  measured  parallel 
to  railroad  track.     Elevation,  7*".6028. 

IT.  S.  P.  B.  M.  8  is  top  of  marking-stone,  marked  U.  8.,  set  in  ^ound  in  northwest 
ooi  uer  of  small  yard,  in  front  of  large  yard,  on  which  the  section-house  at  Toulm6 
Station,  N.O.  and  M.  R.  R.,  Miss.,  is  situated.      Stone  is  about  10  meters  south  of 
center  of  main  track.     Elevation,  9"'. 2944. 

U.  8.  P.  B.  M.  9  is  top  of  markinf{-stone,  marked  U.  S.,  set  within  the  southeast 
cornerof  fence  siirronntling  the  land  of  Henderson  Winfield,  near  Waveland  Station, 
N.  O.  and  M.  R.  R.,  Miss.  Tbe  comer  is  at  the  intei section  of  Waveland  road  and 
lane,  between  the  lands  of  Mr.  Shaw  and  Mr.  Winfield.  Stone  is  about  32  meters  from 
southwest  corner  of  station-house.     Elevation,  ll™.0606. 

U.  S.  P.  B.  M.  10  is  center  of  copper  bolt  leaded  horizontally  in  face  of  southern 
brick  wall  of  vestibule  of  Catholic  church  at  Bay  Saint  Louis  (Shieldsboro'),  Miss.  It 
is  about  half  way  between  side  entrance  of  vestibule  and  main  front  wall,  and  about 
1  meter  above  the  ground.     Elevation,  13™.5133. 

U.  S.  P.  B.  M.  U  is  a  copper  bolt  leaded  in  top  of  marking-stone,  marked  U.  S., 
set  in  ground,  by  fence,  and  near  northeast  corner  of  fence  of  southwest  plot  of  I^nd^ 
at  intersection  of  N.  O.  and  M.  R.  R.  track  and  Front  street,  Bay  Saint  Louis,  Miss. 
It  is  about  12  meters  south  of  cent4>r  of  track,  and  514  meters  west  of  west  end  of 
bridge  over  Bay  St.  Louis.     Elevation,  12»".8623. 

U.  8.  P.  B.  M.  12  is  copper  bolt  leacled  in  top  of  marking-stone,  marked  U.  S.,set 
in  ground  within  northwest  corner  of  fence  surrounding  plot  of  ground  on  which 
the  tool-house  of  N.  O.  and  M  R.  R.  section-house  No.  9  is  situated,  at  Henderson^s 
Point,  Miss.  Stone  is  about  32  meters  west  of  west  side  of  house,  and  8  meters  south 
of  center  of  track.     Elevation,  9*".3391. 

U.  S.  P.  B.  M.  13  is  copper  bolt  leaded  in  top  of  marking- stone,  marked  U.  S.,  set  in 
ground  between  pump-house  and  water-tank  at  Pass  Christian  Station,  N.  O.  and  M. 
lU  R. ,  Miss.  It  is  a  little  inside  of  north  line  of  pump-house  and  tank,  and  about  3  meters 
from  west  side  of  pump-house.  Pump-house  is  about  9  meters  south  of  track.  Ele- 
vation, 9«».7359. 

U.  S.  P.  B.  M.  14  is  top  of  copper  bolt  leaded  in  top  of  marking-stone  set  in  ground 
directly  opposite  the  New  Orleans  62-mile  post  and  8  meters  north  of  center  of  track 
of  N.  0.  and  M.  R.  R.    Elevation,  15>°.7654. 

U.  S.  P.  B.  M.  15  istop  of  marking- stone  set  in  ground  24  meters  north  of  center  of  track, 
about  873  meters  east  of  New  Orleans  65-mile  post,  and  about  639  meters  west  of  New 
Orleans  66-mile  post,  on  the  N.  O.  and  M.  R.  R.  Three  pine  trees,  each  marked  with 
five  narrow-  blazes,  are  near  the  stone.     Elevation,  14™.  0706. 

U.  S.  P.  B.  M.  16  is  center  of  copper  bolt,  leaded  horizontally  in  center  of  fifth  (5th) 
brick  of  the  fifteenth  (15th)  course  above  water-table,  in  the  west  wall  of  jail  at 
Mississippi  City,  Miss.    The  bricks  are  counted  from  northwest  comer  of  building.   It 

U  8 
is  -marked    O        Elevation,  12».7428. 
B  M 

U.  8.  P.  B.  M.  17  is  copper  bolt  leaded  in  top  of  marking-stone  set  in  ground  near 
west  end  of  depot  platform,  and  U  meters  south  of  center  of  track  at  Bean  voir  Sta- 
tion, N,  O.  ^5&  M.  R,  R.,  Miss.     Elevation,  14".2322, 

U.  S.  P.  B.  M.  18  is  center  of  copper  bolt  leaded  horizontally  in  center  of  second  (2nd) 
brick  of  the  fourteenth  (14th)  course  above  sidewalk,  in  east  wall,  near  southeast 
comer  of  brick  building  on  southwest  corner  of  Back  Bay  road  (or  Mule  street)  and 
Jackson  street,  3iloxi,  Miss.    Elevation}  13™.  1006. 
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U.  S.  p.  B.  M.  19  is  copper  bolt  leaded  in  top  of  marking-stone  marked  U.  S«,  set 
in  groand  30  meters  south  of  center  of  track  aud  255  meters  west  from  west  end  of 
Biloxi  Bay  bridge,  on  the  N.  O.  &  M.  R.  R.  Pine  trees  near  the  stone  are  marked 
with  five  narrow  blazes.     Elevation,  8™.  1680, 

U.  S.  P.  B.  M.  20  is  copper  bolt  leaded  in  top  of  marking-stone  marked  U.  S.,  set  in 
sToand  4  meters  north  of  center  of  track  and  114  meters  west  from  west  end  of  Biloxi 
Bay  bridge,  on  the  N.  O.  dt  M.  R.  R.     Elevation,  8»".5125. 

U.  S.  P.  B.  M.  21  is  top  of  copper  bolt  leaded  in  northern  portion  of  concrete  draw- 
bridge pier  of  Biloxi  Bay  bridge,  on  the  N.  O.  dc  M.  R.  R.  The  bolt  is  set  about  half 
way  between  cog-wheel  and  extreme  north  point  of  iron  casing  of  concrete.  Letters 
U.  8.  cnt  near  the  bolt.     Elevation,  6™.7111.  >  , 

DESCRIPTION  OF  PERMANENT  BENCH  MARKS  BETWEEN  GRAFTON,  ILL.,  AND  CAIRO,  ILL. 

U.  S.  P.  B.  M.  1  is  copper  bolt  in  top  of  stone  in  gronnd  in  woods  on  Calhoun 
Point,  at  month  of  Illinois  River.  It  is  60  meters  from  edge  of  woods  on  Illinoia 
River,  and  150  meters  from  edge  of  woods  on  Mississippi  River.     Elevation,  134™.5101. 

U.  S.  P.  B.  M.  2  is  top  of  copper  bolt  in  top  of  stone  in  ground  in  woods  at  mouth  of 
liliuois  River  on  left  bank,  157  meters  back  froui  river,  4  meters  east  of  fence,  15 
meters  south  of  road,  2,100  meters  above  Catholic  Church  iu  Grafton,  111.,  and  within 
triangle  formed  by  three  pecan  trees.     Elevation,  136^.3645.  * 

U.  S.  P.  B.  M.  3  is  copper  bolt  in  top  surface  of  doorstep  of  Catholic  Church, 
Grafton,  111.  It  is  22  centimeters  from  front  of  step,  aud  13  centimeters  from  north 
jamb.     Elevation,  139«\3116. 

U.  S.  P.  B.  M.  4  is  copper  bolt  in  east  end  of  doorstep  of  eastern  door  in  Allen's 
brick  building,  adjoining  Grafton  Flouring  Mills,  Grafton,  III.  It  is  104  millimeters 
from  fruut  surface  of  step.     Elevation,  142"^. 0719. 

U.  S.  P.  B.  M.r>  is  (topper  bolt  leaded  iu  the  natural  rock  on  side  of  blufi*  above 
high-water  mark.  It  is  450  meters  below  flour  mill  at  Jersey  Landing,  III.,  and  about 
4  miles  below  Grafton,  111.  The  letters  U.  S.  P.  B.  M.  are  cut  in  the  rock  near  the  cop- 
per bolt.     Elevation,  141™.4305. 

U.  S.  P.  B.  M.  6  is  copper  bolt  leaded  vertically  in  the  natural  flat  rock ;  top  of  rock 
flash  with  surface  of  ground.  It  is  5,600  meters  below  flour  mill  at  Jersey  Landing. 
111.  It  lies  near  higu- water  mark  and  about  9  meters  west  of  the  mouth  of  smali 
raTiue  which  comes  out  of  valley  facing  the  *'  Eagle's  Nest."    Elevation,  i:^™.0339. 

U.  S.  P.  B.  M.  7  is  copper  bolt  In  natural  rock  on  hillside,  in  woods  19  meters  above 
high* water  mark,  and  3,150  meters  below  mouth  of  Piasa  Creek.  The  letters  U.  S.  P. 
B.  M.  are  cut  near  bolt.    Elevation,  143™.71ril. 

U.  S.  P.  B.  M.  8  is  copper  bolt  leaded  vertically  in  east  end  of  water-table,  on  the 
Boath  side  of  the  Alton  water  works  building  in  sixth  window  from  comer,  Alton, 
ni.     The  letters  U.  S.  cut  near  the  bolt.    Elevation,  136^.9468. 

U.  S.  P.  B.  M.  9  is  copper  bolt  leaded  vertically  in  south  end  of  doors  tep,  in  north 
west  comer  of  German  Catholic  Church  in  Alton,  111.    Elevation,  154"*.4612. 

U.  S.  P.  B.  M.  10  is  top  of  copper  bolt  iu  stone  post  in  ground  in  woods  on  land  of 
— .  — .  Gringering,  about  three  nundred  meters  east  of  his  house,  and  5  miles  below 
Alton,  111.     It  is  about  500  meters  from  river  bank.    Elevation,  136^.0457. 

U.  S.  P.  B.  M.  11  is  to^  of  copper  bolt  in  stone  iu  ground  iu  woods  450  meters  back 
from  triaugiilation  station  Gillen,  2  meters  north  of  honey-locust  tree,  about  10  metera 
north  of  road,  and  about  11  miles  below  Alton,  111.  There  is  a  road  leading  back 
from  river  past  this  bench-mark.     Elevation,  132"^.2312. 

U.  S.  P.  B.  M.  12  is  top  of  copper  bolt  in  stone  in  ground  in  corner  of  grove  20  meters 
west  of  Columbia  road,  12.8  miles  above  steel  railroad  bridge  at  St.  Louis,  Mo.  It  ia 
on  land  of  — .  — .  Chambers,  about  opposite  lower  end  of  Wilson's  Island  No.  5.  Ele- 
vation, 145«'.6611. 

U.  S.  P.  B.  M.  13  is  top  of  copper  bolt  in  top  of  stone  in  ground  in  small  grove  on  east 
side  of  Baden  and  Saint  Louis  street-car  track,  6.4  miles  above  the  railroad  bridge  at 
8aint  Louis,  Mo.  It  is  110  meters  south  of  northern  terminus  Baden  street-car  track,. 
and  37  meters  east  of  same.    Elevation,  137°>.6447. 

U.  S.  P.  B.  M.  14  is  small  hole  in  center  of  copper  bolt  leaded  horizontally  in  third 
course  of  stones  on  north  side  of  western  engine-room  of  Saiut  Louis  water  works^ 
8aint  Louis,  Mo.  It  is  147  centimeters  west  oi  west  coping  to  main  entrance  to  build- 
ing.    The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt     Elevation,  136^.1201. 

U.  8.  P.  B.  M.  15  is  small  hole  in  copper  bolt  leaded  horizontally  in  the  west  pier  of 
arch  No.  4,  on  east  side  of  pier  of  Saint  Louis  steel  bridge,  at  Saint  Louis,  Mo.    It  is  6.14 
meters  south  of  north  end  of  pier  and  14  centimeters  above  top  course  of  granite. 
The  letters U.  S.  are  cut  in  the  granite  below  the  bench-mark.     Elevation,  133*".0938. 

U.  S.  P.  B.  M.  16  is  top  of  copper  bolt  leaded  vertically  in  east  end  of  doorstep  of 
second  door  from  northeast  comer  of  brick  saloon  adjoining  *'  Saiut  Louis  Park^'  at 
Janction  of  Jeflerson  avenue  and  Carondelet  road.  Saint  Louis,  M^.     Bench-mark 


132  REPORT   OF    THE   MISSISSIPPI   RIVER   COMMISSION. 

is  29.5  centimeters  from  front  face  and  10  centimeters  west  of  buttress  adjoining  door- 
step.    Elevation,  159'".3461. 

U.  S.  P.  B.  M.  17  is  top  of  copper  bolt  leaded  vertically  in  north  end  of  north  door- 
step of  £.  Mueller'M  store,  nortii  of  northeast  corner  or  Main  and  Franklin  streets, 
Curoudelet,  Mo.     Elevation,  i;jtf™.6820. 

U.  S.  P.  B.  M.  18  is  center  of  copper  bolt  leaded  horizontally  in  water-table  in  north- 
east corner  of  guard-bouse,  at  Jenferson  Barracks,  Mo.     Elevation,  156".8992. 

U.  S.  P.  B.  M.  19  is  center  of  copper  bolt  le  ded  horizontally  in  east  face  of  stone 
in  fourth  course  frcni  top  in  east  end  of  culvert  at  Cliff  Cave,  Mo.,  on  Jron  Mountain 
Railroad.     Elevation,  126"M949. 

U,  S.  P.  B.  M.  20  is  top  of  copper  bolt  leaded  vertically  in  upper  surface  of  third 
stone  from  top,  in.  south-west  retaining  wall  of  arched  culvert,  over  White  House 
Creek,  on  Iron  Mountain  Railroad.    Elevation,  131^.0967. 

U.  S.  P.  B,  M.  21  is  top  of  copper  bolt  leaded  vertically  in  top  stone  directly  over 
keystone  of  arch  on  north  side  of  arched  culvert,  650  meters  below  Jefferson  Station, 
Mo.,  on  Iron  Mountain  Railroad.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt. 
Elevation.  l:W»".0469. 

U.  S.  P.  B.  M.  22  is  top  of  copper  bolt  leaded  vertically  in  southern  abutment  to 
southern  approach  to  railroad  bridge  6u  Iron  Mountain  Railroad  at  Kimmswick, 
Mo,     Elevation,  130'».6901. 

U.  S.  P.  B.  M.  23  is  center  of  copper  bolt  leaded  horizontally  in  cast  face  of  stone  in 
northeast  corner  of  southern  pier  of  railroad  bridge,  400  meters  below  station-house 
at  Sulphur  Springs,  Mo.     Elevation,  129»".3l03. 

U.  S.  P.  B.  M.  24  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  in 
overhanging  bluff  1,000  meters  below  station-house  at  Illinois  Station,  Mo.  This  is 
the  first  bluff  that  is  seen  from  water's  e<lge,  standing  opposite  point  where  Iron 
Mount|iin  Railroad  leaves  Mississippi  River.     Elevation,  131™.7525. 

U.  S.  P.  B.  M.25  is  top  of  copper  bolt  leaded  vertically  in  Cornice  Rock,  about  2 
meters  from  river  edge  of  rock,  and  about  160  meters  south  of  foot  of  Cornice  Inland, 
and  1,000  meters  south  of  mouth  of  Platin  Rock  Creek,  Jefferson  Co.,  Mo.  Elevation, 
123"».t>:{92. 

U.  S.  P.  B.  M.  26  is  top  of  copper  bolt  leaded  vertically  in  top  of  Robber's  Rock,  on 
uorth  side,  and  1,736  meters  above  Rush  Tower,  Mo.  Robber's  Rock  is  large  sandstone 
on  beach,  and  is  plainly  visible  for  three-fourths  of  a  mile  up  or  down  the  river.  Ele- 
vation, 124".657a 

U.  S.  P.  B.  M.  27  is  center  of  copper  bolt  leaded  horizontally  in  limestone  wall  (natural 
rock),  at  Rush  Tower,  Mo.,  and  11  meters  from  post-office  building.  Elevation, 
12«"i.67y0. 

U.  S.  P.  B.  M.28  is  top  of  copper  bolt  leaded  vertically  in  large  limestone  bowlder 
on  beach,  1,000  meters  above  Brickey's  Mill,  Cliff  P.  C,  Ste.  Genevieve  Co.,  Mo.  This 
beach  is  a  little  lower  than  extreme  high-wat-er  mark.     Elevation,  12l™.5487.  i 

U.  S.  P.  B.  M.  29  is  center  of  copper  bolt  leaded  horizontally  in  limestone  wall 
(natural  rock)  at  end  of  bluff  about  4  meters  north  of  a  red  oak  tree,  about  20  meters 

Qorth  of Maple's  farm-house  and  three  miles  below  Cliff  P.  C,  Ste.  (Jenevieve  Co., 

Mo.    This  bench-mark  in  about  one  foot  above  surface  of  gronnd  at  base  of  bluff  and 
is  about  8  meters  above  high  water-mark.     Elevation,  131'".0374. 

U.  S.  P.  B.  M.  30  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  1,580 
meters  above  White  Sand  Depot  Landing,  St'O.  Genevieve  Co.,  Mo.  It  is  about  250 
meters  north  of  southern  end  of  bluff.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt. 
Elevation,  124».6871. 

U.  S.  P.  B.  M.  31  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  wall 
14  meters  north  of  a  spring  at  Limestone  Point,  St«.  Genevieve  Co.,  Mo.,  and  is  about 
2i  miles  above  Ste.  Genevieve,  Mo.  The  letters  U.  S.  P.  B.  M.  are  cut  around  the  bolt. 
Elevation,  128'".9043. 

U.  ^^.  P.  B.  M.  32  is  top  of  copper  bolt  leaded  vertically  in  west  end  of  doorstep  on 
south  side  of  Rozier's  warehouse,  southwest  comer  Main  and  Washington  streets,  Ste. 
Genevieve,  Mo.     Elevation,  125"».1543., 

U.  S.  P.  B.  M.  33  is  center  of  copper  bolt  leaded  horizontally  in  south  side  at  south- 
east corner  of  public  school  building  in  Ste.  Genevieve,  Mo.,  four  inches  fi*om  comer 
in  fifth  course  of  stones  below  the  bricks.  The  letters  U.  S.  P.  B.  M.  are  cut  near 
the  bolt.     Elevation,  128'n.3U  1. 

U.  S.  P.  B.  M.  34  is  center  of  copper  bolt  leaded  horizontally  in  east  face  of  large  cor- 
ner-stone of  engine-house  of  Quarrytown  Grindstone  Works,  at  Quarrytown,  Mo., 
three  miles  below  Ste.  Genevieve,  Mo.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the 
bolt.     Elevation,  123°\2542. 

U.  S.  P.  B.  M.  ;^  is  center  of  copper  bolt  leaded  horizontally  in  west  end  of  water- 
table  in  southwest  corner  of  storehouse  belonging  to  E.  S.  Lanbaugh,  on  northeast 
corner  of  Second  and  Walnut  streets,  Ste.  Mary's,  Mo.  The  bolt  is  countersunk  about 
6  millimeters  in  the  stone.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt.  Eleva- 
tion, 124».6617.   . 
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U.  S.  p.  B.  M.  3G  is  ceuter  of  copper  bolt  leaded  horizontally  in  south  west  comer  of 
Martin  Roondstoue's  ice-hOase  on  east  side  of  Walnat  street,  Ste.  Mary's,  Mo.  The 
letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt.  The  bolt  is  in  fifth  coarse  of  stoutss  from 
bottom.     BlevRtiou,  126«».7787.  • 

U.  6.  P.  B.  M.  37  is  top  of  copper  bolt  leaded  vertically  in  stone  post  set  in  groimd 
in  woods  about  4  miles  below  Ste.  Mary's,  Ste.  Genevieve  Co.,  Mo.  It  18  990  meters 
back  from  river  and  24  meters  west  of  lane  running  south  from  river  road.  Lane 
turns  off  from  river  road  in  vicinity  of  John  Lawrence's  house.  This  bench-mark  is 
8.  40°  W.  from  farm-house,  7  meters  N.  75°  -W.  from  ash. tree,  and  4^  meters  N.  52°  E. 
from  box-elder  tree.     Elevation,  181".  1124. 

U.  S.  P.  B.  M.  38  is  horizontal  copper  bolt  in  water-table  of  drug  store  northeast 
comer  of  Schuchert's  Block,  Chester,  III.    Elevation,  122™.0907. 

U.  S.  P.  B.  M.  39  is  horizontal  copper  bolt  in  front  face  of  Cole  Brothers'  stone  ele- 
vator, l.:i2  metiers  east  of  the  southwest  corner  and  the  same  distance  above  the 
ground,  1,240  meters  below  Chester,  III.     Elevation,  122«".2673. 

U.  S.  P.  B.  M.  40  is  top  of  copper  bolt  in  stone  monument  set  in  southeast  corner 
of  woods  576  meters  back  from  a  long  lane  just  west  of  large  wheatfield  from  turn  of 
road,  40  meters  north  of  farm-house  of  Marcus  Peto.  It  is  2  meters  south  of  elm 
tree  4  feet  in  diameter,  12  meters  west  from  hack  berry  tree  18  inches  in  diameter,  and 
200  met-ers  northwest  of  house  not  occupie^l.     Elevation,  118".0519. 

U.  S.  P.  B.  M.  41  is  top  of  copper  bolt  in  stone  in  ground  50  meters  south  of  end  of 
lane,  1  meter  from  fence,  1,420  meters  back  from  river  at  Bois  Brul^  P.  O.,  Perry  Co*^ 
Mo.     Elevation,  116".^760. 

U.  S.  P.  B.  M.  42  is  center  of  copper  bolt  set  horizontally  in  vertical  face  of  natural 
rock  at  upper  extremity  of  bluff  643  metres  below  Grand  Eddy  i>ost-office.  Perry  Co., 
Mo.  It  is  about  3|  meters  below  upper  end  of  U.  S.  water-gauge,  and  14  meters  below 
extreme  upper  point  of  the  bluff  rocks.  The  letters  U.  S.  P.  B.  M.  are  cut  in  the  rock 
near  the  bolt.    Elevation,  119^.4255. 

U.  S.  P.  B.  M.  43  is  center  of  copper  bolt  leaded  horizontally  in  a  large  rock  in  the 
woodH  about  4  miles  below  Grand  Eddy,  Perry  Co.,  Mo.  It  is  740  met-ers  below  a  house, 
175  meters  back  from  the  river,  and  30  meters  back  from  edge  of  timber,  and  at  the 
tipper  end  of  a  stretch  of  prairie  land  which  extends  down  to  76  landing.  Elevation, 
118«».7714. 

U.  S.  P.  B.  M.  44  is  top  of  copper  bolt  leaded  vertically  in  a  larg^  bowlder,  10  feet  by 
10  feet  by  6  feet,  6  meters  from  edge  of  bank,  17  meters  above  second  gate  above  f  arm- 
bouaee  ot  Napoleon  Gill,  100  meters  above  bam  on  Cape  Cinque  Hommes,  Perry  Co., 
Mo.,  and  3f  miles  above  Wittenberg,  Mo.     Elevation,  118™.5512. 

U.  S.  P.  B.  M.  45  is  center  of  copper  bolt  leaded  horizontally  in  stone  foundation-wall 
of  Wittenberg  Flouring-Mill,  at  Wittenberg,  Mo.,  on  side  facing  the  river  between 
the  ground-fioor  door  and  down-river  comer  of  mill.     Elevation,  116"^.59(>4. 

U.  S.  P.  B.  M.  46  is  center  of  copper  bolt  leaded  horizontally  in  east  face  of  rock,  2 
meters  east  of  road,  400  meters  below  Wittenberg,  Mo.  It  is  situated  between  the 
honseb  of  Denny  and  Tucker,  23  meters  from  the  former  and  31  meters  above  the  lat- 
ter's  house.  It  is  11  meters  below  Denny's  shop  and  29  meters  above  Tucker's  bam. 
Elevation,  116™.4716. 

U.  S.  P.  B.  M.  47  is  top  of  copper  bolt  leaded  vertically  in  the  point  of  rocks  95 
meters  below  "Tower  Rock,"  Perry  Co.,  Mo.,  and  opposite  the  upper  end  of  Grand 
Tower,  111.  It  is  15  meters  east  of  an  iron  bolt  leaded  vertically  in  the  rock  and 
marked  *'  U.  8.  53."  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  copper  bolt.  Eleva- 
tion, 111"'.0031. 

U.  S.  P.  B.  M.  48  is  center  of  copper  bolt  leaded  horizontally  in  face  of  rock  at  Birming- 
hsQi  Point,  Perry  Co.,  Mo.  It  is  813  meters  above  the  mouth  of  Apple  Creek,  and  28^ 
meters  above  a  scrubby,  gnarled  sycamore  tree  growing  in  the  rocks.  The  rocks  here 
are  conglomerate  in  horizontal  strata,  and  from  the  river  present  the  appearance  of  a 
stairway.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt  in  the  rock.  It  is  about 
30  meters  above  a  living  spring,  which  comes  up  out  of  the  gravel  Just  below  the 
strata  of  rock.     Elevation,  110<".03l7. 

U.  S.  P.  B.  M.  49  is  top  of  copper  bolt  leaded  vertically  in  the  bluff  rock  3,655  mt^ters 
below  mouth  of  Apple  Creek,  Cape  Girardeau  Co.,  Mo.  In  front  of  this  bench-mark 
are  three  very  large  rocks  standing  out  from  the  bluff  and  partly  detached  therefrom. 
Elevation,  110™.2011. 

U.  S.  P.  B.  M.  50  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  in  river 
bluff  712  meters  below  rock  called  <<The  Devil's  Tea  Table,''  in  Cape  Girardeau  Co., 
Mo.     Elevation,  110«».2257. 

U.  S.  P.  B.  M.  51  is  center  of  copper  bolt  leaded  in  the  steeply-inclined  face  of  the 
last  reliable  ledge  of  rocks  of  the  cnain  extending  south  from  Moccasin  Springs,  Mo., 
and  at  the  point  where  the  bluffs  begin  to  recede  from  the  river  2,500  meters  above 
Bainbridge  Creek.    The  letters  U.  S.  are  cut  in  the  rock.    Elevation.  109™.  1341. 

U.  S.  P.  B.  M.  52  is  a  horizont-al  copper  bolt  set  in  vertical  face  of  ledge  of  rocks  35 
centimeters  thick.    The  bolt  is  1.2  meters  above  the  ground,  is  775  meters  below  Henry 


134  REPORT   OF   THE    MISSISSIPPI    RIVER   COMMISSION. 

Shineman^s  hoade  and  565  meters  above  the  foot  of  the  bluffs.  These  blnffs  are  4  miles 
above  north  end  of  Cape  Rock,  Cape  Girardeau  Co.,  Mo.,  f  milo  from  river,  and  on 
land  of  Elisha  Sheppard's  heirs.    Elevation,  110™.5744. 

U.  S.  P.  B.  M.  5:{  is  center  of  horizontal  copper  bolt,  set  in  vertical  face  of  ledge, 
jnst  below  a  ravine  at  the  lower  end  of  Cape  Rock.  Ita  elevation  is  about  high 
water.     Elevation,  10H™.7640. 

U.  S.  P.  B.  M.  54  is  a  horizontal  copper  bolt  in  the  outer  vertical  face  of  stone 
st«p,  which  extends  under  buttress  at  tne  northeast  corner,  second  entrance  from  the 
north,  to  Marble  Citv  Hotel,  on  Water  street,  Cape  Girardeau,  Mo.  Elevation, 
lll'n.7495. 

U.  S.  P.  B.  M.  55  is  horizontal  copper  bolt  in  vertical  face  of  good  homogeneous 
hard  rock,  just  below  and  near  the  southeast  corner  of  St.  Vinceut^s  College,  about 
45  meters  west  of  river,  in  south  part  of  Cape  Girardeau,  Mo.     Elevation,  1I4™.7730. 

U.  S.  P.  B.  M.  56  is  horizontal  orass  key,  in  vertical  face  of  solid  rock  of  fairly 
bard  homogeneous  sandstone,  or  granite,  very  white  when  cut.  Ledge  forms  bank  of 
river,  and  is  at  lower  end  of  Cape  Girardeau,  in  front  of  St.  Vincent  College.  It  is 
about  li^  meters  east  of  railroad  track.     Elevation,  107™.It^47. 

U.  S.  P.  B.  M.  57  is  center  of  horizontal  copper  bolt,  set  in  smooth  vertical  face, 
in  ledge  of  blue,  or  era^,  limestone,  at  its  upper,  or  western,  extremity,  on  the  land  of 
the  Taylor  estate.     It  is  0.8  meter  above  the  ground,  1  meter  below  top  of  vertical 

Sart,  and  10  meters  below  where  the  led^e  disappears  under  the  ground.  It  is 
.  JiP  E.,  75  meters  from  mouth  of  Le  Croix  Creek,  and  1,574  meters  above  lower 
U.  S.  water-gauge  at  Gray*s  Point,  Mo.,  being  just  in  view  of  the  lower  part  of  Cape 
Girardeau,  Mo.  The  letters  U.  3.  P.  B.  M.  are  cut  in  the  face  of  the  rock.  Eleva- 
tion, 110"».9056. 

U.  S.  P.  B.  M.  58  is  center  mark  on  horizontal  copper  bolt  leaded  in  the  vertical 
face,  looking  toward  the  river,  of  the  center  one  of  three  large  rocks,  the  lowest  and 
largest  of  which  forms  the  bank  of  the  river,  and  is  known  as  ^^Counterfeit  Rock,'* 
or  **S^andiug  Rock  of  the  Grand  Chain."  It  is  10  meters  from  the  top  of  the  river 
bank,  80  meters  above  the  line  between  Matthew  Roe  and  H.  S.  Wray,  600  meters 
above  Wray's  Landing  on  the  land  of  said  Matthew  Roe,  situated  about  three  miles 
above  Commerce,  Mo.  It  is  about  0.8  meters  above  the  ground.  The  letters  U.  S.  P- 
B.  M.  ar«  cut  in  the  rock.     Elevation,  110'*».6773. 

U.  S.  P.  B.  M.  59  is  the  center  of  a  horizontal  copper  bolt  leaded  in  the  steeply 
inclined  face,  looking  toward  the  river,  of  a  large  silicious  rock  mostly  covered  with 
earth,  being  one  of  a  group  of  many  in  a  ravine  1,190  meters  above  U.  S.  P.  B.  M.  60, 
in  Commerce.  It  is  0.6  meters  above  the  ground,  and  about  60  meters  back  from  the 
river,  the  ground  rising  in  this  distance  15  meters.  It  is  in  a  shallow,  rocky  ravine, 
at  upper  side  of  the  6rst  strip  of  cultivated  land,  near  the  river,  soivth  of  the  bluffs, 
on  land  of  Mra.  C.  Halfner.  The  letters  U.  S.  P.  B.  M.  are  cut  in  the  rock.  Eleva- 
tion, 118*».7540.  ' 

U.  S.  P.  B.  M.  60  is  point  in  center  of  horizontal  copper  bolt  leaded  in  vertical  face  of 
ledge,  looking  toward  the  river  0.55  metres  above  the  ground  and  3.37  metres  above 
the liigh  water  of  1858.  The  top  surface  of  this  rock  or  ledge,  which  extends  across 
the  street,  forms  the  road  bed.  It  is  jnst  in  front  of  a  point  about  30  meters  above 
Wm.  Anderson's  large  brick  house  on  elevated  site  at  the  north  or  upper  end  of  Com- 
merce, Mo.  There  are  a  large  number  of  large  pieces  of  rock  lying  on  the  bank  here 
that  have  from  time  to  time  rolled  down  from  the  same  general  ledge,  but  the  one 
selected  is  so  large  and  extends  back  in  the  bank  so  far  that  it  is  reliable.  Eleva- 
tion, 110™.5032. 

U.  S.  P.  B.  M.  61  is  center  of  horizontal  copper  bolt  set  in  front  or  east  face  of  founda- 
tion of  Wm.  Anderson's  large  brick  dwelling-nouse  at  the  upper  end  of  Commerce,  Mo. 
It  is  2  meters  north  of  center  of  front  entrance  and  36  centimeters  above  the  ground. 
Elevation,  116°».6307. 

U.  S.  P.  B.  M.  62  is  mark  in  center  of  horizontal  copper  bolt  set  in  the  vertical  face 
of  the  northwest  abutment  of  stone  culvert  under  road  over  Muddy  Creek,  1  meter 
above  the  ground,  75  meters  from  the  top  of  the  river  bank  and  1,9(50  meters  above 
Santa  F^  Store,  which  latter  is  opposite  Commerce,  Mo.,  in  the  State  of  Illinois.  This 
foundation  or  masonry  rest^  on  the  natural  rock.  The  letters  U.  S.  P.  B.  M.  are  cut 
iu  the  rock  near  the  bolt.    Elevation,  104"'.6078. 

U.  8.  P.  B.  M.  63  is  185  meters  right  up  the  same  creek  (Muddy  Creek)  in  the  left 
hand  ravine  going  up  from  the  culvert  iu  which  is  U.  S.  P.  B.  M.  62.  It  is  center  of 
copper  bolt  set  in  vertical  face  of  a  very  large  rock  on  part  of  the  If dge  just  on  the 
right  of  the  creek  going  up,  1.5  meters  above  the  ground,  1.5  meters  below  the  top 
of  the  rock,  and  2  meters  from  the  projecting  end.     Elevation,  108™.7967. 

U.  S.  P.  B.  M.  64  is  ton  of  copper  bolt  iu  top  of  stone  iu  ground  1,260  meters  back 
from  river,  1  meter  north  offence  on  north  side  of  road  leading  east  from  Goose  Island 
P.  O.,  or  Atherton's  Landing,  about  19  miles  above  Cairo,  111.     Elevation,  107"^.5416. 

U.  S.  P.  B.  M.  65  is  top  of  copper  bolt  in  top  of  stone  in  ground  in  woods  about 
^  ''-'»o  meters  back  from  river,  and  8i  miles  above  Cairo  Post-Office,  Alexander  Co., 
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Illinois.  It  is  26  meters  from  graded  road  (otherwise  known  as  levee),  aud  93  meters 
from  a  school-house  for  negroeis  aud  2i  miles  below  Spies'  Mills.  Elevation,  103".4605, 
U.  S.  P.  B.  M.  66  is  top  of  copper  bolt  in  stoue  post  in  open  woods.  It  is  61  meters 
east  of  a  point  on  the  I.  C.  R.  R.^whicn  point  on  the  railroad  is  391  meters  north  oj 
the  '•  three-mile  post"  from  Cairo.  III.     Elevation,  101™. 4777. 

DESCRIPTIOy  OP  PERMANENT  BENCH-MARKS  BETWEEN  KEOKUK,  IOWA,  AND  GRAFTON, 

ILL. 

U.  S.  P.  B.  M.  1  is  top  of  copper  bolt  leaded  vertically  iuto  coping  of  shore  side  of 
lower  lock  of  Des  Moines  Rapids  Canal,  Keokuk,  Iowa.  Bench  is  m  recess  between 
stone  steps  and  stone  pier  of  lower  hydraulic  tower,  on  south  side  of  pier.  Elevation, 
156«».  5370. 

U.  S.  P.  B.  M.  2  is  copper  bolt  leaded  horizontally  in  south  face  of  Iowa  shore  pier 
of  R.  R.  bridffe,  Keokuk,  Iowa,  8  inches  above  beuch  of  pier,  in  the  tenth  stone  from 
west  end.     Elevation,  156*".  7516. 

U.  S.  P.  B.  M.  3  is  copper  bolt  leaded  horizontally  in  southwest  corner  of  three-story 
stone  hailding,  owned  oy  Mr.  Patterson,  faoiug  on  Water  street,  second  door  from  cor- 
ner of  Johnson  street,  Keokuk.  la.,  8  inches. above  west  door-sill,  on  inner  side  of  outer 
wall,  50  feet  from  corner  of  Water  and  Johnson  streets.     Elevation,  161™.  3896. 

U.  S.  P.  B.  M.  4  is  small  conical  hole  in  rock  at  intersection  of  cross-cut  in  upper 
surface  of  top  stone  of  buttress  of  Des  Moines  River  bridge.    Elevation,  158°°.  4243. 

U.  S.  P.  B.  M.  5  is  copper  bolt  leaded  horizontally  into  north  wall  of  brick  building, 
1^  feet  from  northeast  comer,  and  three  feet  from  ground.  Building  is  in  upper  end 
of  Alexandria,  Mo.,  facing  river,  and  60  feet  from  bank.  The  north  wall  faces  slough 
emptying  into  river,  and  50  meters  from  it.  Building  owned  by  Chas.  Bocker  ;  post- 
office  located  in  building.     Elevation,  158*".  0087. 

U.  S.  P.  B.  M.  6  is  copper  bolt  leaded  horizontally  in  upper  comer  of  stone  masonry 
on  front  side  of  northeast  corner  of  Baptist  Church  at  Gregory's  Landiug,  Mo. 
Church  is  150  meters  north  from  junction  of  railroad  and  wagon  road.  Elevation, 
154».  7690. 

U.  S.  P.  B.  M.  7  is  cojmer  bolt  leaded  vertically  in  marking-stone  set  at  root  of  oak 
tree,  24  meters  west  or  railroad.  Stone  is  1. 7  meters  west  of  tree  in  northeast  corner 
of  field,  10  meters  south  of  small  ravine,  650  meters  below  bridge  No.  14.  Tree  is  12 
inches  in  diameter.     Elevation,  157".2349. 

U.  S.  P.  B.  M.  8  is  copper  bolt  leaded  horizontally  in  north  wall  of  Down's  Hotel. 
Canton,  Mo.  Bolt  is  in  fifth  stone  from  ground,  fourth  stone  fromcoruer  of  wall  made 
by  oflQce  door  entrance,  and  in  second  stone  from  first  window  west  of  office  entrance. 
Hot«]  is  on  southwest  corner  of  Lewis  and  Fifth  streets.     Elevation,  156^.7856. 

U.  S.  P.  B.  M.  9  is  copper  bolt  leaded  horizontally  in  east  side  of  back  foundation  of 
German  Methodist  Episcopal  Church,  corner  of  Sixth  and  Washington  streets,  Can- 
ton, Mo.  Bolt  is  in  third  stone  from  ground  and  in  second  from  north  comer,  and 
dii^tly  under  window  facing  east.    Elevation,  156™.5849. 

U.  S.  P.  B.  M.  10  is  copper  bolt  leaded  vertically  in  top  surface  of  southeast  corner  of 
south  abutment  of  railroad  bridge  No.  35  over  Wyaconda  Creek.  Bolt  is  2  feet  from 
south  face,  4  feet  from  east  face  of  abutment,  and'  about  1  mile  above  La  Grange,  Mo. 
£levation,  153™.6160. 

U.  S.  P.  B.  M.  11  is  copper  bolt  leaded  horizontally  in  northeast  comer  stone  of 
Qnisenberry  Sl  Schneioer's  tobacco  works,  situated  on  southwest  comer  of  Wash- 
ington street  and  K  and  St.  L.  R.  R.  at  Lagrange,  Mo.  Bolt  is  in  east  face,  15  inches 
from  corner  of  stone  and  2  feet  from  ground.    Elevation,  153™. 5792. 

U.  S.  P.  B.  M.  12  is  center  of  copper  bolt  leaded  horizontally  in  third  course  of  masonry 
from  bottom  and  ninth  from  top  of  west  abutment  ofQuincy  R.R.  bridge.  West 
Qnincy,  Mo.     Bolt  is  in  north  face  2  inches  from  east  corner.     Elevation,  151™. 7 187. 

U.  S.  P.  B.  M.  13  is  copper  bolt  leaded  vertically  in  top  surface  of  top  stone  of  north- 
east comer  of  north  pier  forming  south  face  of  north  abutment  of  covered  railroad 
bridge  over  the  Fabius  River.  Bolt  is  near  the  center  of  stone  5  feet  betow  and  8  feet 
east  of  rail.     Elevation,  151'n.9146. 

U.  S.  P.  B.  M.  14  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  stone,  form- 
ing west  end  of  north  pier  to  railroad  bridge  over  North  River.  Bolt  ia  8  inches  from 
north  edge  of  stone,  2  feet  from  west  edge,  and  14  inches  from  base  of  stmt.  Eleva- 
tion. 150°>.8065.    . 

U.  S.  P.  B.  M.  15  is  copper  bolt  leaded  vertically  in  stone  post  set  in  northeast  corner  of 
cnltiTated  field,  5  meters  from  wagon  road,  15  meters  west  of  railroad,  20  meters  from 
north  one  of  two  elm  trees  standing  alone  in  wagon  road,  fence  forming  line  between 
woods  and  cultivated  ground,  466  meters  north  of  Hilton  Station.    Elevation,  149™.7508. 

U.  S.  P.  B.  M.  16  is  copper  bolt  leaded  horizontally  in  face  of  natural  rock  at  east 
entrance  of  tunnel  at  Missouri  end  of  railroad  bridge  at  Hannibal,  Mo.    Bolt  ill'  in 
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rook  facing  east  and  on  south  side  of  tunnel,  7  feet  south  of  entrance  and  about  4  feet 
above  road  level.     Elevation,  155"". 2651. 

U.  S.  P.  B.  M.  17  is  copper  bolt  leaded  vertically  in  top  8Ui*face  of  east  stone  of  north 
abutment  of  small  railroad  bridge  1  mile 'below  Hannibal,  Mo.,  and  50  meters 
northeast  of  house  of  Mr.  Johnson.     Elevation,  147^.8009. 

U.  S.  P.  B.  M.  18  is  copper  bolt  leaded  vertically  in  top  of  top  course  of  masonry  at 
river  side  of  north  end  of  principal  abutment  of  railroad  bridge  across  Lick  Creek, 
800  meters  below  depot  at  Saverton,  Mo.     Elevation,  147™.3d01. 

U.  S.  P.  B.  M.  19  is  marking-stone  planted  in  corner  of  yard  of  Catharine  Hayes,  6 
miles  south  of  Saverton,  1^  miles  above  Ashburu.  Stone  is  8  meters  southwest  of 
southwest  corner  of  house,  and  25  meters  from  river  bank,  a  little  below  dam  at  Gil- 
bert's Island.     Elevation,  151'n.7497. 

U.  S.  P.  B.  M.  20  is  copper  bolt  set  vertically  in  top  of  marking-stone  set  on  line 
of  rail  fence  8  met<5rs  east  of  large  maple  tree  on  east  bank  of  small  creek  bed,  3  meters 
north  of  bridge  over  creek.  Stone  is  7  meters  south  of  wagon  road,  17  meters  west 
of  railroad,  23  meters  south  of  south  corner  of  house  of  Mr.  Warner,  and  i  mile  north 
of  Ashburu,  Mo.     Elevation,  150"*.5762.         • 

U.  S.  P.  D,  M.  21  Is  marking-stone  planted  in  east  edire  of  cultivated  field  about  77 
meters  from  south  bank  of  Salt  River,  at  place  where  Keoknk  and  Saint  Lonis  Railroad 
crosses  the  river.  Stone  is  set  about  15  meters  to  the  west  of  track,  nearly  opposite 
the  south  end  of  the  trestle  on  south  end  of  bridge.     Elevation,  145™.2055. 

U.  8.  P.  B.  M.  22  is  copper  bolt  leaded  vertically  in  marking-stone  in  southwest 
fence  corner  of  fence  runuiug  east  and  west  and  one  south.  South  fence  stops  at 
corner,  and  l>egins  again  10  meters  farther  east,  on  east  and  west  fence.  Stone  is  20 
meters  west  of  railroad  and  50  meters  above  mouth  of  Salt  River.   Elevation,  148^.9803. 

U.  S.  P.  B.  M.  23  is  copper  bolt  leaded  horizontally  in  first  layer  of  stone  below 
brick  in  northeast  fuce  of  brick  saloon  on  the  northwest  comer  of  Water  and  Main 
streets,  Louisiana,  Mo.  Bolt  is  in  second  stone  north  of  door  in  same  wall  of  building. 
Elevation,  148^.9719.  ' 

U.  S.  P.  B.  M.  24  is  copper  bolt  set  vertically  in  top  surface  of  top  stone  forming 
the  northeast  corner  of  the  west  abutment  of  railroad  bridge  over  Mississippi  River 
at  Louisiana,  Mo.  Top  of  bolt  is  even  with  the  surface  of  the  stone.  Elevation, 
148™.6907. 

U.  S.  P.  B.  M.  25  is  center  of  hole  in  copper  bolt  in  side  of  natural  rock  7  meters 
soath  of  railroad,  9  meters  north  of  oak  tree,  14  inches  in  diamet«r,  on  bank  above, 
500  meters  below  railroad  bridge  across  gully,  and  6,000  meters  below  railroad  bridge 
across  Mississippi  River  at  Louisiana,  Mo.  Five  notches  cut  in  tree.  Elevation, 
147'«.2828. 

U.  S.  P.  B.  M.  26  is  copper  bolt  leaded  vertically  in  top  of  marking-stone  set  at 
intersection  of  two  fences  on  south  side  of  lane  and  west  of  railroad.  Lane  is  5  meters 
wide.  The  north  fence  stops  before  it  reaches  as  far  east  as  the  south  fence.  A  small 
creek  is  3  meters  north  of  the  north  fence.  A  row  of  apple  trees  is  just  inside  the 
north  fence.  Stone  is  5^  meters  west  of  railroad  and  15  meters  west  of  river;  about 
60  meters  east  of  old  log-house  of  Peter  Yaeger,  and  about  3  miles  above  Clarksville, 
Mo.    Elevation,  146".6472. 

U.  S.  P.  B.  M.  27  is  center  of  horizontal  copper  bolt  leaded  in  the  natural  rock  in 
side  of  small  bluff  bank  3^  me t-ers  east  of  railroad  track,  below  wagon  road,  12  meters 
from  river  bank,  44n  meters  above  vinegar  works  at  Clarksville,  Mo.,  and  120  meters 
below  mouth  of  Calumet  Creek.  It  is  between  railroad  and  house  of  Philip  Bedair. 
Elevation,  148«>.0183. 

U.  S.  P.  B.  M.  28  is  copper  bolt  leaded  horizontally  in  the  southeast  comer  stone 
of  Carroll  House,  Clarksville,  Mo.  Stone  is  at  the  head  of  stairs  leading  to  basement. 
Bolt  is  set  in  south  face  of  stone  about  10  inches  above  the  sidewalk.    Elevation, 

U.  S.  P.  B.  M.29  is  top  of  copper  bolt  leaded  vertically  m  top  sarface  of  marking- 
stone  set  in  the  ground  5  meters  east  of  the  Sny  Levee,  opposite  Clarksville,  Mo., 
about  50  meters  east  of  ferry  landing  in  Calhoun  County,  Illinois.  Stone  is  220  meters 
along  the  levee  below  where  levee  crosses  chute.     Elevation,  142°'.8844. 

U.  S.  P.  B.  M.  30  is  copper  bolt  leaded  vertically  in  top  surface  of  marking-stone  set 
in  the  ground  on  east  side  of  Sny  Levee  at  intersection  of  plantation  road,  on  south  of 
road,  which  crosses  levee  and  continues  to  the  river.  Levee  is  50  meters  east  of  river. 
A  large  elm  stump  6  feet  in  diameter  and  10  feet  tall  stands  in  the  road  20  meters 
west  of  levee.  Stone  is  opposite  Island  No.  463,  about  one-third  its  length  above  the 
lower  end,  and  about  3^  miles  below  U.  S.  P.  B.  M.  29,  opposite  Clarksville.  Elevation, 
142»n.8681. 

U.  S.  P.  B.  M.  31  is  copper  bolt  leaded  vertically  in  top  of  marking-stone  set  on  east 
side  of  levee  at  its  base,  4  meters  east  of  the  middle  of  levee,  in  fence  comer  in- 
closing field  with  woods  on  north  side  and  levee  on  west  side.  It  is  about  100  meters 
easl  of  river  and  175  meters  northwest  of  house  occupied  by  Mr.  Gain  and  owned  by 
Messrs.  Rock  and  Baker.    Elevation,  142^.0102. 
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U.  8.  P.  B.  M.  32  is  conical  hole  iu  top  surface  of  rock  projecting  from  side  of  wagon 
Toad,  about  half  way  up  st^ep  hill  on  north  bank  of  small  stream,  10  meters  north 
of  middle  of  stone  culvert.  Rock  is  at  root  of  two  poplar  trees  growing  about  1 
foot  apart.  Bench  is  at  intersection  of  cross,  6  inches  from  west  edge  and  10  inches 
from  south  edge  of  rock,  and  about  50  meters  east  of  east  shore  of  Hamburg  Bay. 
Elevation,  148™.«000. 

U.S.?.  B.  M.  33  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  natural 
lock  projecting  from  east  side  of  wagon  road  about  240  meters  south  of  honse  of  Mr. 
Blaekiunith,  and  about  4  miles  north  of  Hamburg,  ill.  The  bolt  is  18  inches  from 
corner,  and  10  inches  from  the  two  sides  of  the  stone,  only  one  corner  of  which  pro- 
jects.   Elevation,  163™.0372. 

U.S. P.  B.  M.  34  is  copper  bolt  leaded  horizontally  in  the  north  face  of  natural  rock 
forming  south  side  of  tne  first  creek  south  of  Hamburg,  Calhonn  County,  Illinois. 
Bench  18  about  120  meters  east  on  road  from  where  the  road  makes  a  sharp  bend  from 
lonth  to  east.  There  are  a  mill  and  two  houses  at  the  turn  of  the  road.  Bench  is 
aboQt  5  meters  north  of  fence  around  orchard.  Bolt  is  about  1  foot  below  the  top 
sarface  of  rock,  and  about  4|  feet  above  creek  bottom,  which  is  of  stone.  Rock  is  in- 
|iT^re,  the  bolt  being  in  top  layer.     Elevation,  141™.6910. 

U.  S.  P.  B.  M.  35  IS  point  1^  inches  from  south  corner  and  ^  inch  from  east  side  of 
ihore  Hoe  triangulation  stone  set  by  Assistant  Engineer  John  Eisenmann.  Stone  is  38 
meters  east  of  river  bank,  about  250  raeteito  below  Island  No.  482,  and  3^  meters  north 
west  of  large  elm  tree  marked  with  two  triangles  opposite  midway  between  two 
housee  on  Westport  Island.    Elevation,  139'».9151. 

U.  S.  P.  B.  M.  36  is  top  of  copper  bolt  leaded  in  the  top  of  marking-stone  set  about 
Smeten  firom  the  river  bank,  on  the  Illinois  shore,  a  short  distance  south  of  a  x>oiQt 
opposite  the  head  of  Islands  Nos.  487, 486,  and  485,  and  about  1,190  meters  above  ware- 
houses at  Red's  Landing,  Calhoun  County,  Illinois.  It  is  |  meter  south  of  lower  fence 
of  two  on  land  of  one  Ira  Lawson,  about  opposite  the  head  of  the  aforesaid  islands, 
and  about  50  meters  north  of  tie  boundary  line  between  the  land  of  the  above-namea 
In  LawBon  and  the  land  of  one  John  M.  Lewis.     Elevation,  139"'.6604. 

U.  S.  P.  B.  M.  37  is  cross  about  in  the  middle  of  triangulation  stone  set  by  Assistant 
Engineer  John  Eisenmann  at  the  root  of  a  large  poplar  tree  about  10  meters  from 
small  hooBe  and  5  meters  from  fence  surrounding  house.  The  hous<{  is  opposite  the 
foot  of  Sterling  Island.     Elevation,  139«.5688. 

U.  S.  P.  B.  M.  38  is  top  of  marking-stone  set  by  Assistant  Engineer  John  Eisen- 
mann Ij  meters  west  of  foot  of  svcamore  tree  blazed  and  marked  with  a  triangle. 
Stone  is  50  meters  east  of  river  bank  and  27  meters  east  of  road  runniug  to  Hogville. 
It  is  about  800  meters  south  from  Church's  Landing,  and  about  400  meters  north  from 
warehouses  at  Hogville  Landing,  Calhoun  County,  Illinois.  Elevation.  138™.7069. 
^  U.  S.  P.  B.  M.  SS  is  top  pf  copper  bolt  leaded  vertically  in  top  of  marking-«t<me  set 
in  the  ground  i  meter  inside  the  fence  on  the  west  side  of  the  field  of  J.  H.  Eildemann^ 
tbont  100  meters  north  firom  upper  landing  warehouse  at  Turner's  Lauding,  Calhoun 
County,  Illinois.     Elevation  139".5747. 

U.  8.  P.  B.  M.  40  is  top  of  triangulation  shore  line  marking-stone  set  by  Assistant 
Engineer  John  Eisenmann  about  90  meters  back  from  Illinois  bank  of  Mississippi 
Hirer,  about  600  meters  south  of  foot  of  Island  No.  197,  and  about  2,900  meters  south 
from  the  lower  Turner's  Landing  warehouse.    Elevation,  138™.635l. 

U.  8.  P.  B.  M.  41  is  center  of  copper  bolt  leaded  horizontally  in  solid  sand  rock 
sb(i?e  and  back  of  the  road,  74  meters  east  and  below  top  of  a  hill  at  point  of  bluff  at 
J^est  Point,  Calhoun  County,  Illinois,  facing  the  north.  It  is  about  1  meter  above 
level  of  road,  aod  is  about  150  meters  around  the  point  from  the  warehouse  at  West 
Point    Elevation,  141".9651. 

U.8.P.  B.  M.  42  is  center  of  copper  bolt  leaded  horizontally  in  the  north  face  of 
Itfge  bowlder  rock,  imbedded  parti v  in  the  ground  about  40  meters  around  east  from 
northwest  corner  of  the  bluff  rocKs  below  Hastings'  Landing,  Calhoun  Co.,  111.,. 
*bont  225  meters  below  warehouse  on  the  land  of  E.  B.  Brown.  It  is  third  large 
l>owlder  at  foot  of  hill  on  the  north  side  of  corner  west  from  the  top  of  bank  of  small 
branch  that  empties  in  the  river  below  the  warehouse,  and  is  about  8  meters  east 
^<Hn  fence  that  leads  about  southwest  from  the  east  side  of  warehouse  at  landing. 
Elevation.  141">.0863. 

U.8.  P.  B.  M.  43  is  center  of  copper  bolt  leaded  horizontally  in  the  west  face  of 
blnflfrock  about  2^  meters  underneath  where  the  upper  surface  of  rocks  commence  to 
be  exposed  at  the  foot  of  the  hill,  about  20  meters  around  north  on  west  side  of  hill 
from  southwest  projecting  comer  of  the  bluffs  on  the  north  side  of  the  valley,  second 
one  north  of  Martin's  Landing,  Calhoun  Co.,  111.,  and  first  one  south  of  valley  where 
Mn  Zarley  lives.    Elevation,  138".90O3. 

U.S.P.  B.  M.  44  is  center  of  horizontal  copper  bolt  set  in  solid  bluff  rock  facinc^ 
northwest  about  900  meters  south  of  Martin's  Landing,  and  about  1,300  meters  north 
of  Miller's  Landing,  Calhoun  Co.,  111.  It  is  about  500  meters  below  a  dwelling-house. 
The  bolt  is  in  the  upper  stratum  of  exposed  rock.    Elevation,  138«.7755. 


138  REPORT   OP   THE    MISSISSIPPI   RIVER    COMMISSION. 

U.  S.  p.  B.  M.  45  is  center  of  horizontal  copper  bolt  leaded  in  solid  bluff  rock  at 
Thomas*  Landing,  Calhoan  Co.,  111.  The  bolt  is  between  the  east  end  of  the  coke 
furnace  and  the  river,  and  about  40  meters  abpve  the  trestle-work  of  the  coal  mine. 
Elevation,  137".0l49. 

U.  S.  p.  B.  M  46  is  center  of  copper  bolt  leaded  horizontally  in  the  west  end  of  solid 
rook  at  the  southern  edge  of  cultivated  field,  ^0  meters  from  water's  edge  at  high 
water,  335  meters  west  of  Frank  Horchmeyer's  dwelling-house,  and  one  mile  below 
Dixou's  Landing,  Calhoun  Co.,  111.     Elevation,  144"'. 6715. 

U.  S.  P.  B.  M.  47  is  center  of  copper  bolt  leaded  horizontally  in  solid  bluff  rock  about 
12  meters  above  water  edge,  at  nigh  water,  350  meters  north  of  Point  Lauding,  25 
meters  north  of  small  stone  ice  house  belonging  to  Joseph  Navar,  about  5  meters  be> 
low  top  of  bluff  rock,  and  about  250  meters  u  rtheast  of  Joseph  Navar's  dwelling- 
house,  in  Calhoun  Co.,  111.     Elevation,  137".8355. 

DESCRIPTION  OF  PERMANENT  BENCH-MARKS  BETWEEN  KEOKUK,   IOWA,   AND  FULTON, 

ILL. 

U.  S.  P.  B.  M.  1  is  top  of  copper  bolt  leaded  vertically  in  coping  of  west  wall  of 
•sluice-way  at  soath  end  of  middle  canal  lock,  2  miles  above  Keokuk,  Iowa.  Eleva- 
tion, 158^.9537. 

U.  S.  P.  B.  M.  2  is  top  of  brass  bolt  leaded  vertically  in  top  of  coping  of  west  wall 
near  southwest  tower  of  guard-lock  at  Nashville,  Iowa.  Marked  U.  S.  P.  B.  M.  Ele- 
vation, 160^.8893. 

U.  S.  P.  B.  M.  3  is  at  Montrose,  Iowa.  It  is  center  of  hole  in  copper  bolt  leaded  hori- 
zon tally  in  upper  foundation -stoue  of  brick  store  building  on  south  corner  of  Main 
and  Cedar  streets.    It  is  on  the  east  side,  3  feet  from  nortn  corner.    Marked  U.  S.  P. 

B.  M.     Elevation,  1(>7™.7492. 

U.  S.  P.  B.  M.  4  is  top  of  copper  bolt  leaded  vertically  in  top  of  west  end  of  south 
abutment  of  C,  B.  dc  Q.  R.  R.  bridge  over  Painter  Creek,  1  mile  south  of  Yiele  Station, 
Iowa.     Marked  U.  S.  P.  B.  M.    Elevation,  171".6681. 

U.  S.  P.  B.  M.  5  is  top  of  copper  bolt  leaded  vertically  in,  northeast  corner  stone  of 
middle  pier  of  C,  B.  &,  Q.  R.  R.  bridge  over  Little  Devil's  Creek,  one-half  mile  south  of 
Viele  Station,  Iowa.     Marked  U.  S.  P.  B.  M.     Elevation,  ie9™.8603. 

U.  S.  P.  B.  M.  6  is  top  of  copper  bolt  leaded  vertically  in-  top  of  stone  abutment  of 

C,  B.  «&  Q.  R.  R.  bridge  over  Devil's  Creek,  one-half  mife  north  of  Viele  Station,  Iowa. 
Marked  U.  S.  P.  B.  M.    Elevation,  171™.37l4. 

U.  S.  P.  B.  M.  7  is  at  Fort  Madison,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically 
in  water-table  of  the  Central  Hotel  on  Front  Street,  near  the  depot.  It  is  near  the 
center  of  the  building  on  the  south  side.    Marked  U.  S.  P.  B.  M.    Elevation,  16d™.99I0. 

U.  S.  P.  B.  M.  8  is  at  Fort  Madison,  Iowa.  It  is  center  of  hole  in  copper  bolt  set 
horizontally  in  middle  of  west  side  of  brick  chimney  of  wooden-ware  factory  on  north- 
east corner  of  Front  and  Broadway  streets.  Bolt  is  3  feet  above  base  of  chimney. 
Building  owned  by  W.  H.  Cretzinger.     Marked  U.  S.  P.  B.  M.     Elevation,  170«.5628. 

U.  S.  P.  B.  M.  9  is  on  brick  house  of  James  Gibbs,  4  miles  above  Fort  Madison,  Iowa. 
It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  top  foundation  stone  on 
south  side,  3  feet  from  southeast  corner.  House  standi  about  150  meters  west  of  C, 
B.  &  Q.  R.  R.  track.    Marked  U.  S.  P.  B.  M.    Elevation,  172°».4908. 

U.  S.  P.  B.  M.  10  is  on  east  abutment  of  C,  B.  &  Q.  R.  R.  bridge  over  Skunk  River,  9 
miles  north  of  Fort  Madison,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically  in  north 
end  of  abutment.     Marked  U.  S.  P.  B.  M.    Elevation,  173«».1240. 

U.  S.  P.  B.  M.  11  is  on  stone  building  known  as  Patterson's  grocery,  3^  miles  south  of 
Burlington,  Iowa,  on  south  side  of  C.,  B.  &  Q.  R.  R.  It  is  center  of  bole  in  copper 
bolt  set  horizontally  on  north  side,  near  northeast  corner,  2\  feet  from  the  ground. 
Marked  U.  S.  P.  B.  M.     Elevation,  170".7091.  • 

U.  S.  P.  B.  M.  12  is  2^  miles  south  of  west  end  of  Burlington  R.  R.  bridge,  in  natural 
rock,  on  line  of  C,  B.  &  Q.  R.  R.  It  is  700  meters  south  of  trestle  near  saw-mill,  is  4 
meters  from  centre  of  track  and  ^  meter  above  track.  It  is  center  of  hole  in  copper 
bolt  leaded  horizontally  in  base  of  limestone  bluff  near  end  of  cut.  Marked  U.  S.  P. 
B.M.     Elevation,  168™.  1657. 

U.  S.  P.  B.  M.  13  is  on  north  end  of  west  abutment  of  the  C,  B.  &  Q.  R.  R.  bridge  over 
Mississippi  River  at  Burlington,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically  in 
Abutment.     Marked  U.  S.  P.  B.  M.     Elevation,  171™.3968. 

U.  S.  P.  B.  M.  14  is  on  north  end  of  east  abutment  of  same  bridge.  It  is  top  of  copper 
bolt  leaded  vertically  in  abutuient.  Marked  U.  S.  P.  B.  M.  Mackenzie  B.  M.  49  is  on 
same  abutment,  and  is  6  millimeters  above  U.  S.  P.  B.  M.  14.     Elevation,  171™.4352. 

U.  S.  P.  B.  M.  15  is  on  east  abutment  of  C,  B.  dc.  Q.  R.  R.  bridge  over  Prairie  Slough, 
about  2  miles  above  the  east  end  of  bridge  across  the  Mississippi  River  at  Burlington. 
It  is  top  of  copper  bolt  leaded  vertically  in  north  end  of  abutment.  Marked  U.  S.  P. 
B.  M.     Elevation,  167°»»6764. 

U.  S.  P.  B.  M.  16  is  on  north  end  of  west  abutment  of  trestle  No.  59,  about  4^  miles 
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north  of  the  east  eud  of  the  Burlington  bridge,  on  the  line  of  the  C,  B.  &  Q.  R.  R. 
h  18  top  of  copper  bolt  lea<led  vertically  in  abutment.  Marked  U.  S.  P.  B.  M.  Eleva- 
tion, 168«'.J635. 

C.  S.  P.  B.  M.  17  is  on  Robt.  Moir's  brick  store  building  at  Oqnawka,  III.  It  is  center 
of  bole  in  copper  bolt  leaded  horizontally  in  stone  pillar  at  southwest  corner,  about 
2  feet  above  the  water- table  The  building  stands  on  the  northwest  corner  of 
Schayler  and  Second  ntreets,  and  is  also  used  for  the  Journal  office.  Marked  U.  S. 
P.R/M.    Mackenzie  B.  M.  48  is  on  step  of  same  building.     Elevation,  16i)'°.5262. 

U.S. P.  B.  M.  18  is  on  brick  building  on  the  southeast  comer  of  Third  and  Schuyler 
«trert8,  at  Oqnawka,  111.  It  is'  center  of  hole  in  copper  bolt  set  horizontally  on 
▼est  side  of  northwest  comer,  2^  feet  above  the  ground.  Marked  U.  S.  P.  B.  M.  Ele- 
vation, 173".  1367. 

U.  8.  P.  B.  M.  19  is  on  brick  building  on  the  northwest  corner  of  Main  and  Second 
8treet«,  Keithsburg,  111.  It  is  top  of  copper  bolt  leaded  vertically  in  stone  step  on 
tbetionth  ttide  of  the  building,  and  marked  U.  S.  P.  B.  M.  The  building  is  owned  by 
Mr.  Parsons,  and  used  for  a  furniture  store.     Elevation,  170™.6252. 

\l  8.  P.  B.  M.  20  is  on  step  of  Mr.  Rife's  brick  dwelling  on  the  northwest  comer 
of  Main  and  Fifth  streets,  Keithsburg,  III.  It  is  top  of  copper  bolt  leaded  vertically 
in  the  southwest  corner  of  upper  stone  step  on  south  side  of  house,  and  is  not  marked. 
ElevatioD,  17,3™.6488. 

U.  S.  P.  B.  M.  21  is  on  fonndation  of  water-tank  2  miles  east  of  Newi  Boston,  111., 
in  Hue  of  C,  B.  <&  Q.  R.  R.     It  is  center  of  hole  in  copper  boll  set  horizontally  on 
west  Mde  of  tank,  under  a  strut,  below  top  of  foundation.     It  is  150  meters  east  of 
corered  railroad  bridge  over  Edwards'  River.     Marked  U.  8.  P.  B.  M.      Elevation, 
175».2622. 

U.  S.  P.  B.  M.  22  is  oil  foundation  of  Keokuk  Northern  Line  Packet  Company's 
wurehouse  at  New  Boston,  111.  It  is  center  of  hole  in  copper  bolt  set  horizontally 
in  north  wall  near  the  northeast  corner  in  top  of  stone  foundation,  0.7  meter  from 
ground.    Marked  U.  8.  P.  B.  M.     Elevation,  172™.26:I9. 

U.S. P.  B.  M. 23  is  on  Union  Hotel,  New  Boston,  111.  It  is  center  of  hole  in  copper 
bolt  set  horizontally  in  north  wall,  U.4  meter  from  the  northeast  comer  and  l.l  meters 
from  ground.     Marked  U.  S.  P.  B.  M.     Elevation,  180"».0117. 

r.S.  p.  B.  M.  24  is  on  top  of  southeast  comer  of  stone  foundation  of  tall  chimney  of 
old  8aw-miU  at  Port  Louisa,  Iowa.  Mill  now  torn  down.  This  is  the  same  bench-mark 
as  Mackenzie  B.  M.  45.     Elevation,  172™.3074. 

U.S.  p.  B.  M.  25  is  top  of  stone  set  in  ground  22  meters  south  of  gate  leading  to  Esq. 
Walton's  house,  7^  miles  south  of  Muscatine,  Iowa.  Stone  is  a  height  of  high  water  of 
1^1,  is  8  meters  north  of  wagon  road,  and  15  meters  from  edge  of  river  bank.  A 
block  is  set  over  the  stone,  three  marking-stakes  set  3  feet  off,  and  three  small  black 
locnst  trees  blazed  near  by.  Stone  is  said  to  have  been  set  by  Major  Allen  several 
years  ago.    Top  of  stone  is  about  1  foot  below  the  surface  of  the  gronnd.     Elevation, 

U.S.  p.  B.  M.  26  is  on  bnck  foundation  of  Mr.  E.  Beatty's  dwelling  on  right  bank  of 
river,  about  7  miles  below  Muscatine,  Iowa.  It  is  center  of  hole  i  n  copper  bolt  set  hori- 
zontally in  east  side  of  northeast  comer  of  foundation.  Marked  U.  S.  P.  B.  M.  Eleva- 
tion, 173™.2544. 

U.S.  P.  B.  M.  27  is  on  brick  chimney  of  Hershey's  lower  saw-mill,  Mnscatine,Iuwa.  It 
is  center  of  hole  in  copper  bolt  set  horizontally  on  the  middle  of  the  east  face  of  chim- 
ney, about  3  feet  above  ground.     Marked  U.  S.  P.  B.  M.     Elevation,  17.'{™.8371. 

U.  S.  P.  B.  M.  28  is  on  water-works  chimney,  at  Muscatine,  Iowa.  It  is  center  of  hole 
in  copper  bolt  set  horizontally  in  north  face  of  chimney,  about  1.1  meters  from  the 
gronnd.    Marked  U.  S.  P.  B.  M.     Elevation,  174™.2968. 

U.S.  P.  B.  M.  29  is  on  north  abutment  of  wagon  bridge,  50  meters  north  of  station  at 
Muscatim,  Iowa.  It  is  top  of  copper  bolt  set  vertically  in  northeast  comer  of  abut- 
ment.   Marked  U.  S.  P.  B.  M.     Elevation,  174».4.349. 

U.  8.  P.  B.  M.  30  is  on  abutment  of  C,  R.  I.  dt  P.  R.  R.  bridge,  3  miles  north  of  Musca- 
tine, Inwa.  It  is  top  of  copper  bolt  set  vertically  in  top  of  stone  coping  of  south  end 
of  west  abntmenf.     Marked  U.  S.  P.  B.  M.     Elevation,  174™.7935. 

U.  S.  P.  B.  M.  31  is  on  abutment  of  C,  R.  I.  &  P.  R.  R.  bridge  o\cer  Sweetland  Creek, 
about  5  miles  north  of  Muscatine,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically  in 
west  end  of  north  abutment.     Marked  U.  S.  P.  B.  M.     Elevation,  174™.5547. 

U.  S.  P.  B.  M.  :^  is  in  natural  rock  on  line  of  C,  R.  I.  and  P.  R.  R.,  about  6  miles  above 
Muscatine,  Iowa.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in  face  of  rock, 
where  it  has  been  blasted  off  for  railroad  bed.  It  is  4  feet  above  the  tr^ck,  20  f»^et 
north  of  center  of  track,  and  740  meters  west  of  bridge  77.  Marked  U.  S.  P.  B.  M. 
EWation,  177°».18H1. 

U.S. P.  B.  M.  33  is  on  foundation  of  pottery  owned  by  John  Feasted,  at  Fairport, 
Iowa.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in  west  side,  near  south- 
west comer  of  stone  foundation.  This  pottery  is  about  350  meters  above  railroad 
station  and  near  the  river  bank.    Marked  U.  S.  P.  B.  M.    Elevation,  175".3891. 


140  REPORT   OF   THE   MISSISSIPPI    RIVER   COMMISSION. 

U.  S.  p.  B.  M.  34  is  on  middle  pier  of  bridge  over  Pine  Creek,  aboat  2  miles  north  o 
Montpclier,  Iowa,  on  the  line  of  the,C.,  R.  I.  and  P.  R.  R.  It  is  top  of  brass  bolt  leade* 
vertically  in  north  end  of  pier.  Bridge  is  No.  60.  Marked  U.  S.  r.  B.  M.  ,  Elevation 
175°».0998. 

U.  S.  P.  B.  M.  35  is  on  south  pier  of  C,  R.  I.  and  P.  R.  R.  bridge  No.  52,  1  kilomete 
south  of  Montpelier,  Iowa.  It  is  top  of  brass  bolt  set  vertically  in  west  end  of  piei 
Marked  U.  S.  P.  B.  M.     Elevation,  17el°».2111. 

U.  S.  P.  B.  M.  35  a  is  on  west  abutment  of  C,  R.  I.  and  P.  R.  R.  bridge  No.  45,  about 
mile  east  of  the  depot  at  Montpelier,  Iowa.  It  is  top  of  brass  bolt  leaded  vertical! 
in  south  end  of  abutment     Marked  U.  8.  P.  B.  M.     Elevation,  175"».9233. 

U.  S.^.  B.  M.:36  is  on  Wm.  Karge's  brick  store  and  post-office  building  at  BnffaU 
Iowa.  It  is  center  of  hole  in  brass  bolt  leaded  horizontally  in  the  east  side,  nea 
southenst  comer,  3  feet  above  the  foundation.  The  building  is  on  the  northwest  come 
of  Hecker  and  Second  streets.     It  is  unmarked.     Elevation,  178**'.4006. 

U.  8.  P.  B.  M.  37  is  on  foundation  of  brick  house  of  Eliza  M.  Dodge,  i  mile  east  ( 
Buffalo,  Iowa.  It  is  center  of  hole  in  brass  bolt  set  horizontally  in  upper  foundatio 
stone  on  west  side,  near  southwest  corner,  about  1  meter  from  eronnd.  House  stand 
about  100  meters  north  of  line  of  C,  R.  I.  and  P.  R.  R.  Marked  U.  S.  P.  B.  M.  Elevi 
tion,  179'n.4tie9. 

U.  S.  P.  B.  M.  :J8  is  oif  foundation  of  vinegar  works  at  lower  eud  of  West  Daven 
port,  Iowa,  near  the  river  bank.  It  is  center  of  brass  bolt  set  horizontally  in  wet 
side,  near  the  southwest  comer,  about  0.4  meters  from  ground.  Marked  U.  8.  P.  B.  M 
Elevation,  179°».0291. 

U.  S.  P.  B.  M.  39  is  on  north  abutment  of  Rock  Island  and  Davenport  Railroa 
bridge  over  the  main  channel  of  the  Mississippi  River.  It  is  top  of  copper  bolt  leade 
vertically  in  coping  of  east  or  upper  side  of  abutment,  on  a  plane  with  the  sidewall 
It  is  4.1  Dimeters  from  river  face  of  abutment,  and  0.1  meter  inside  of  railing.  Marke 
U.  8.  P.  B.  M.     Elevation,  180'n.8749. 

U.  S.  P.  B.  M.  40  is  on  base  of  stone  tower  of  U.  S.  arsenal  stone  bnilding,  A,  186i 
at  lower  end  of  Arsenal  Island.  It  is  center  of  hole  in  copper  bolt  leaded  horizontal! 
in  east  side  of  northeast  corner,  about  4  feet  from  the  ground.  Marked  U.  S.  P.  B.  ll 
Elevation,  182"M139. 

\JL  8.  P.  B.  M.  41  is  on  foundation  of  the  Atlantic  Brewery,  near  C.  R.  I.  and  P.  I 
R.  depot  at  Rock  Island,  111.  It  is  center  of  hole  in  copper  bolt  set  horizontally  i 
upper  foundation  stone  on  the  north  side  at  the  northeast  corner.  Marked  U.  8.  P.  I 
M.     Elevation,  183™.3053. 

U.  S.  P.  B.  M.  42  is  on  south  abutment  of  wagon-bridge  crossing  from  Moline,  111 
to  head  of  Rock  Island.  It  is  top  of  copper  bolt  set  vertically  on  east  end  of  abntmen 
Marked  U.  8.  P.  B.  M.     Elevation,  179™.5708. 

U.  8.  P.  B.  M.  43  is  on  brick  basement  of  H.  Smith's  dwelling-house  at  Watertowi 
111.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  the  west  side  near  tb 
northwest  comer.  The  house  stands  50  meters  southeast  of  the  C,  M.  and  St.  P.  I 
R.  depot.     It  is  marked  U.  8.  P.  B.  M.     Elevation,  1«1".4283. 

U.  8.  P.  B.  M.  44  is  on  brick  school-house  at  Hampton,  Iowa.  It  is  center  of  ho! 
in  copper  bolt  set  horizontally  0.5  meters  from  ground  on  east  side  near  sontheaf 
comer  of  large  new  public-school  building.  It  is  marked  U.  8.  P.  B.  M.  Elevatioi 
182"».9988. 

U.  8.  P.  B.  M.  45  is  on  stone  foundation  of  Baker  and  Hay  ward's  brick  store  buih 
ing  on  levee  at  Hampton,  111.  It  is  center  of  hole  in  copper  bolt  leaded  horizontal] 
in  north  side  of  northwest  comer  of  building,  and  is  at  the  H.  W.  mark  of  188i 
Marked  U.  8.  P.  B.  M.     Elevation,  179'».9437. 

U.  8.  P.  B.  M.  46  is  on  stone  foundation  of  H.  M.  Gilchrist's  brick  store  building  i 
Rapids  City,  III.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  west  si( 
of  northwest  corner,  4  feet  above  ground.  The  building  is  on  the  ri  ver  bank*  Markc 
U.  8.  P.  B.  M.     Elevation,  181°».8416. 

U.  8.  P.  B.  M.  47  is  on  abutment  of  bridge  of  C  ,  M.  and  St.  P.  R.  R.  over  Barbei 
Creek,  f  mile  south  of  Port  Byron,  111.  It  is  top  of  copper  bolt  leaded  vertically  i 
west  end  of  north  abutment.     Marked  IJ.  8.  P.  B.  M.    Elevation,  182"*.9513. 

U.  S.  P.  B.  M.  48  is  on  foundation  of  Mr.  N.  Dorrance's  brick  store  building  at  Po 
Byron,  111.  It  is  centerof  hole  in  copper  bolt  leaded  horizontally  in  west  side  of  souti 
west  corner  of  stone  foundation,  and  marked  U.  8.  P.  B.  M.  The  baildins  stands  b 
tween  Main  street  and  the  R.  R.  track,  and  about  75  feet  from  the  river  bank.  £1 
vation,  183'°.4013. 

U.  S.  P.  B.  M.  49  is  on  iron  doorstep  of  new  brick  store  bnilding  of  A.  H.  Wandt  i 
Port  Byron,  111.  It  is  top  of  north  bolt-head  of  front  row  of  bolts  on  south  doorstc 
on  east  side  of  building  on  east  side  of  Main  street.  Bolt-head  marked  with  a  cro 
out  through  its  center  by  a  cold-chisel.  Marked  U.  8.  P.  B.  M.  on  bricks  below.  £ 
evatioii,  185™.  2033. 

U.  S.  P.  B.  M.  50  is  on  stone  warehouse  of  Northern  Line  Packet  Co.,  at  Cordova,  II 
It  is  center  of  hole  in  copper  bolt  set  horizontally  in  south  side,  near  southwest  co 
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Der,  and  marked  U.  S.  P.  B.  M.  The  warehouse  staods  at  water's  edge,  and  the  bench 
is  2  meters  below  high-wat«r  mark.  ^  Mackenzie  B.  M.  39  is  on  same  building.  £1- 
«ntion,  181".  0544. 

U.  S.  P.  B.  M.  51  ison  stone  foundation  of  Wm.  G.  Marshall's  brick  elevator,  near  C,  M. 
ftod  St  P.  R.  R.  depot  at  Cordova,  III.  It  is  center  of  hole  in  copper  bolt  set  norizontally 
in  north  face,  near  northwest  corner,  in  third  comer  stone  irom  top  of  foundation. 
Marked  U.  S.  P.  B.  M.     Elevation,  187™,  5145. 

U.  S.  P.  B.  M.  52  is  on  found  ition  of  brick  store  building  of  Harper  &  Son  at 
Albany,  III.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in  west  side  at  south- 
west comer  of  building,  and  marked  U.  S.  P.  B.  M.  The  baildiu^  is  some  90  meters  from 
river,  and  fronts  on  the  main  business  street  of  the  town.  It  is  almost  directly  back 
of  their  old  briek  storehouse,  now  caving  into  the  river,  on  which  is  Mackenzie 
B.M.37.    Elevation,  187"».6990. 

U.  8.  P.  B.  M.  53  is  on  base  of  a  large  shoulder  of  natural  rock  projecting  from  the 
bloffli  miles  north  of  Albany,  111.  It  is  center  of  hole  in  copper  bolt  leaded  hori- 
xontally  into  the  base  of  cliff  1  foot  above  ground  and  about  :{.5  meters  above  a 
wagon-road,  and  marked  U.  S.  P.  B.  M .  It  is  15  meters  east  of  wagou-road  and  90 
meters  east  of  C,  M.  and  St.  P.  R.  R.     Elevation,  18Hi".6009. 

U.  S.  P.  B.  M.  54  is  on  abutment  of  C,  M.  and  St.  P.  R.  R.  bridge,  2^  miles  north  of 
Albany,  111.     It  is  top  of  copper  bolt  set  vertically  in  west  side  of  south  abutment. 
Marited  U.  S.  P.  B.  M.     Elevation,  182«".29J5. 

U.  8.  P.  B.  M.  55  is  on  south  abutment  of  bridge  over  Cat  Tail  Creek  of  C,  M.  and 
St.  P.  R.  R.  It  is  top  of  copper  bolt  set  vertically  in  top  of  east  end  of  abutment. 
This  bridge  is  just  south  of  tne  line  of  the  C,  B.  and  Q.  R.  K.,  and  al)Out  2  miles  south 
of  Fulton,  111.     Elevation,  183°».2979. 

U.  8.  P.  B.  M.  56  is  on  east  end  of  north  abutment  of  C,  M.  and  St.  P.  R.  R.  bridge 
OTer  Cat  Tail  Creek,  2  miles  south  of  Fulton,  111.,  and  about  200  meters  south  of 
C,  B.  and  Q.  R.  R.  crossing.  It  is  top  of  copper  bolt  set  vertically  in  top  of  abut- 
uent.   Elevation,  183".68(^. 


C  1. 

UPORT  OF    ASSISTANT    ENGINEER    L.    L.   WHEELER,    UPON    CUMULATIVE    ERRORS    IN 

PRECISE  LEVEUN6. 

Saint  Louis,  October  6,  1883. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  results  of  investi- 
gations of  the  subject  of  cumulative  errors  in  leveling. 

This  ioveetigation  was  commenced  some  time  since,  and  an  incomplete  report  made 
open  the  results  obtained,  with  the  intention  of  completing  the  report  when  addi- 
tioDaldata,  which  was  being  reduced,  should  be  available.  In  the  meantime,  con- 
Biderable  additional  field-work  has  been  done,  under  instructions  from  yourself  to 
eondnct  the  operations  in  such  a  manner  as  to  throw  additional  light  upon  the  sub- 
jwt.  The  notes  of  this  work  have  been  reduced,  and  the  results  show  either  that 
this  dlMussion  has  had  a  practical  value  in  avoiding  operations  which  introduced 
rammative  errors  in  the  work,  or  that  the  observers  had  attained  a  proficiency  not 
previoQsly  shown. 

The  preliminary  report  has  been  read  by  those  interested  in  the  subject,  some  cor- 
nctioDs  have  been  noted,  and  some  sharp  criticisms  made.  I  have,  therefore,  in  writ- 
ing this  report,  had  the  advantage  of  these  facts  and  the  additional  data  at  hand,  and 
hare  eudeavored  to  show  more  clearly  that  the  results  of  leveling  operations  may 
be  affected  by  snch  large  cumulative  errors  as  to  make  them  unreliable,  and  that  these 
eomnlative  errors  may  be  avoided  by  proper  care  in  the  field-work. 

The  faet  that  errors  appear  in  the  results  of  leveling  which  are  nearly  constant  in 
aign  and  amount,  has  frequently  been  noticed,  and  various  theories  have  been  ad- 
vanced to  suit  the  various  examples.  In  this  discussion  I  have  endeavored  to  ascer- 
taio  some  general  law  to  apply  to  all  the  data  at  hand.  I  have  first  analyzed  the 
data  and  arranged  it  in  such  a  manner  as  to  bring  together  results  obtained  under 
conditions  to  allow  of  their  being  classed  together.  I  have  then  plotted  the  results 
to  show  more  clearly  the  basis  of  my  assumption  of  the  general  law  from  a  study  of 
the  carves  thus  formed.  I  have  then  applied  the  law  to  the  examples  obtained  from 
the  resnlts  of  leveling  along  the  Mississippi  River,  and  by  the  method  of  least 
tqnares  obtained  values  of  the  unknown  quantities  which  evidently  are  near  the 
trnth.  I  have  even  pointed  out  how,  sometimes,  from  the  results  of  the  levels  theui- 
selvcN  a  correction  to  the  final  result  is  shown  to.be  necessary,  and  the  probable  value 
of  that  correction. 

The  only  absolute  control  that  can  be  obtained  upon  the  results  of  levelings  is  to 
have  the  levels  return  to  the  starting  point,  or  to  level  in  a  polygon.  We  may,  how- 
ever, consider  any  line  leveled  by  the  same  observer  in  opposite  directions  to  be  a 
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polygon,  aud  the  error  of  closiug  upon  the  Htarting  point  is  the  sum  of  all  the  errora 
committed  iu  leveling  the  polygon. 

Should  it  happen  t^at  an  observer  had  clo^ied  but  a  single  polygon,  we  would  be  in 
doifbt  whether  the  error  of  closure  was  due  to  accidental  errors  or  to  some  general 
law,  unless  we  had  additional  evidence  iu  the  ca?>e.  It,  however,  an  observer  had 
leveled  a  great  number  of  polygons,  and  the  errors  of  closure  showed  a  preponderance 
in  one  direction,  both  in  sign  aud  amount,  the  existence  of  some  law  of  the  distribu- 
tion of  errors  of  that  observer  would  be  revealed.  At  the  same  time  it  niuHt  be  re- 
membered that  the  results  are  also  affected  by  accidental  errors,  to  which  all  obser- 
vations are  subject,  which  in  any  particular  case  may  be  so  large  as  to  apparently 
exempt  the  observation  from  the  general  law.  In  a  series  of  observations,  however, 
the  accidental  errors  will  be  nearly  counterbalancing,  while  the  existence  of  a  gen- 
eral law  will  become  more  evident  as  the  series  is  extended.  If.  frequently  happens, 
too,  in  a  number  of  consecutive  observations  of  any  kind,  that  the  arrangement  of  the 
accidental  errors  will  be  such  as  apparently  to  point  to  some  law  of  distribfition,  but 
which  is  disproven  on  the  series  of  observations  being  further  extended.  In  this  dis- 
cussion only  extended  series  of  observations  have  been  used  to  base  conclusions  upon, 
less  extended  series  having  been  given  only  to  make  some  portions  of  the  discussion 
complete. 

In  order  to  more  clearly  show  the  presence  of  cumulative  errors  in  the  examples 
here  given,  the  sums  of  the  errors  have  been  taken  at  each  point  in  the  line  and  plotted 
as  ordinates,  with  the  distance  from  the  starting  point  as  abscissas. 

By  this  arrangement,  however,  when  a  numoer  of  consecutive  accidental  errors 
have  the  same  sign,  the  result  has  been  to  move  the  curve  to  one  side  of  the  mean 
line  and  allow  it  to  remain  there  until  the  effect  has  been  counterbalanced  by  acci- 
dental errors  of  the  opposite  sign.  This  fact  will  explain  the  sinusoidal  form  which 
some  of  the  curves  take.  This  must  be  true  to  a  greater  or  less  extent  in  any  series 
of  observations  where  the  errors  are  coutinuall}'  summed,  as  has  been  the  case  here. 

What  has  been  said  in  regard  to  a  single  observer  leveling  lines  iu  opposite  direc- 
tions, showing  the  presence  of  cumulative  errors,  is  also  true  of  different  observers 
leveling  the  same  lines;  but,  in  the  latter  case,  only  the  relative  errors  would  be 
shown,  unless  each  closed  the  polygons.  An  example  is  given  on  page  425  of  '*  Nivelle- 
meni  de  Precision  de  la  Suissef  of  two  observers  having  leveled  the  entire  perimeter 
of  a  polygon  of  275  kilometers  in  opposite  directions.  The  polygon  has  4  sides,  and  is 
divided  by  bench-marks  of  the  first  order  into  40  sections.  The  discrepancies  between 
the  two  observers^  results  on  these  sections  are  30  positive,  ti  negative,  and  2  eqaal  to 
zero,  and  the  total  (liscrepancy  between  the  two  observers  at  the  end  is  -j-JMT^^.S. 
If  there  were  no  additional  evidence,  the  means  of  the  results  obtained  by  the  two 
observers  would  be  accepted  as  the  most  probable  values,  but  in  this  case  we  have 
additional  evidence.  The  first  observer  closed  the  polygon  with  219™'".2  too  great  an 
elevation,  and  the  second  with  an  elevation  also  too  great  by  2d™'".6.  The  mean  of 
the  results  of  the  two  observers  failed  to  close  the  polygon  by  Qa^'^.S ;  or  the  second 
observer's  result  was  nearer  the  truth  than  the  mean  of  both.  It  is  evident,  then, 
that  the  discrepancy  between  the  two  observers  is  mainly  caused  by  errors  of  the 
first  observer,  aud  that  whatever  system  of  adjustment  may  be  applied  to  this  poly- 
gon, the  first  observer's  results  must  receive  larger  corrections  than  those  of  the  sec- 
ond. It  is  evident  also  that  the  causes  of  the  first  observer's  errors  were  in  operation 
during  the  leveling  of  nearly  the  whole  polygon. 

On  Plate  I,  is  given  a  plot  of  the  discrepancies  between  the  north  and  south  lines 
leveled  by  Assistant  J.  A.  Paige  between  Columbus  and  Memphis,  and  between  Friar's 
Point  and  Prentiss. 

The  lines,  the  results  of  which  are  there  plotted,  are  not  consecutive,  but  are  scat- 
tered along  throughout  the  entire  distance,  which  is  about  404  kilometers.  They  are 
taken,  however,  in  the  order  in  which  they  occur.  The  abscissas  are  twice  the  sums 
of  the  lengths  of  the  lines,  or  the  sums  of  the  perimeters  of  the  polygons,  and  thp  ordi- 
nates are  the  sums  of  the  differences  between  north  and  south  levelings.  The  dotted 
line  is  a  mean  line  put  in  by  inspection,  and  the  red  line  is  the  mean  Tine  determined 
by  the  least  square  reduction.  The  two  lines  represent  different  equations.*  The 
points  plotted  in  red  are  the  actual  residuals  of  the  observation  equations,  and  may  be 
said  t/)  represent  the  accidental  errors  of  observation. 

On  Plate  II,  is  given  a  plot  of  the  discrepancies  between  north  and  south  lines  lev- 
eled by  L.  L.  Wheeler,  between  Austin  and  Friar's  Point,  Miss.  The  explanation  given 
above  applies  to  this  section,  except  that  in  this  example  the  lines  are  consecutive. 

On  Plate  III,  is  given  a  plot  of  discrepancies  between  north  and  south  liues  beveled  by 
Assistant  O.  W.  Ferguson  in  part  of  the  line  from  Grafton  to  Cairo,  111.  The  lines 
are  not  consecutive,  but  are  taken  in  the  order  in  which  they  occur.  There  were  more 
lines  leveled,  but  the  results  do  not  show  any  accnnuilation  of  error,  and  are  not  here 

f;iven.    No  attempt  has  been  made  to  put  in  a  mean  line,  as  it  is  evident  that  a  straight 
ine  would  not  answer  the  purpose. 

It  is  probable  that  the  change  in  rate  of  accumulation  of  error  is  due  either  to> 
changes  in  methods  of  observing  or  to  changes  in  circnmstancee  under  which  .the 
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work  was  done;  and,  as  these  changes  could  not  now  be  accurately  determined,  no 
difiCQSsion  of  this  example  has  been  attempted.  It  may  be  noticed,  however,  that 
theeiTors  increase  faster  than  the  distances,  while  the  previously  accepted  theory ^as 
been  that  th^  should  increase  with  the  square  root  of  the  distances.  That  is,  theory 
wonld  make  the  curve  concave  toward  the  axis  of  abscissas,  while  in  reality  it  is 
convex. 

Ou  Plate  IV,  is  given  a  plot  of  discrepancies  between  results  of  levels  by  J.  A.  Paigo 
and  B.  D.  Frost,  over  lines  in  the  same  direction  between  Columbus  and  Memphis  and 
Friar's  Point  and  Prentiss.  The  lines  are  not  consecutive,  but  are  in  the  order  iu 
which  they  occur. 

On  Plate  V,  is  given  a  plot  of  discrepancies  between  results  of  levels  by  J.  B.  John- 
son and  0.  W.  Ferguson  over  lines  in  opposite  directions  of  a  portion  of  the  line  from 
Keokuk  to  Grafton.  The  lines  given  are  consecutive.  The  remaining  portion  of  the 
line  shows  no  accnmulation  of  errors,  and  is  not  here  given.  The  point  at  which  the 
divergence  between  the  two  ob>erver8  commences  is  110''™.46  from  the  starting  pointy 
and  the  divergence  continued  for  110  kilometers. 

Uitherto  allattempts  to  arrive  at  a  value  of  the  precision  of  levels  have  been  based 
on  the  aBsumption  that  the  errors  increase  with  the  square  root  of  the  distance 
leveled.  This  assumption  would  be  true  if  accidental  errors  were  the  only  ones  made, 
and  if  the  number  of  observations  were  strictly  proportional  to  the  distance  leveled. 
Limitations  of  discrepancies  between  results  in  instructions  for  precise  leveling  have 
been  hased  on  the  same  principle,  and  are  open  to  the  same  objection.  It  has  fre- 
quently been  noticed  that  while  the  results  of  each  of  a  number  of  lines  leveled  were 
well  within  limits  which  were  prescribed  to  be  in  proportion  to  the  square  root  of  the 
distance,  yet  when  the  sum  of  several  lines  was  considered,  the  total  discrepancy 
woald  exceed  the  limit  prescribed.  In  other  words,  the  errors  were  not  proportional 
to  the  square  root  of  the  distances  and  did  not  follow  the  law  of  distribution  of  acci- 
dental errors.     Plus  and  minus  errors  were  not  equally  prevalent. 

This  fact  is  conclusively  shown  by  results  given  on  the  plots  referred  to.  Numer- 
008  examples  of  this  uuequal  distribution  of  errors  may  be  found  in  published  reports 
of  the  U.  S.  Lake  Survey,  and  in  the  results  of  levels  in  Switzerland,  Germany,  and 
British  India. 

An  examination  of  the  several  plots  shows  that  the  results  there  given  are  affected 
bycumolative  errors,  that  these  errors  vary  in  sign  and  amount  with  different  observ- 
ers, and,  with  the  exception  of  that  on  Plate  III,  that  they  are  nearly  if  not  quite  pro- 
poriional  to  the  di$tance  leveled.  Theoretically,  if  the  results  of  levels  were  affected  by 
a  constant  error,  the  effect  of  that  error  would  be  proportional  to  the  number  of 
observations  or  instrument  stations;  but  these  are  so  nearly  proportiona  to  the  dis- 
tance fur  any  one  observer,  that  the  distance  has  been  substituted  for  the  number  of 
observations  in  this  discussion.  Since  the  cumulative  errors  vary  with  different  ob- 
nrvers,  they  have  been  called  personal  errors. 

From  a  study  of  all  the  reliable  levels  at  hand,  we  are  led  to  believe  that  the  error 
of  closing  a  polygon  is  made  up  of  two  parts:  First,  a  constant  error  which  is  propor- 
tional to  the  perimeter,  and  may  be  determined  with  more  or  less  precision  from  all 
the  polygons  leveled;  and,  second,  the  sum  of  the  accidental  errors -to  which  all  ob- 
KrvatioQs  are  subject.  Having  made  this  assumption,  what  follows  are  but  logical 
conelnsiouB  from  it,  and  the  proof  of  the  assumption  will  lie  in  the  results  obtained 
vhen  applied  to  practical  examples. 

Now,  let  2  K=eqaal  the  perimeter  of  a  polygon, 
n — •=the  error  of  closing  the  polygon, 
x=the  personal  error  of  the  observer, 
and  r=the  sum  of  the  accidental  errors  in  the  polygon. 

Then  each  polygon  wonld  give  an  equation  of  the  form 

(1)  2Kx— (»—«)  =  « 

ttd  from  aU  the  equations  we  would  obtain  the  normal  equation 

(2)  [4  K«]  OP—  [2  K  (n— »)]  =  o.  , 

In  the  same  manner,  if  two  observers  have  leveled  the  same  lines,  we  roa^  obtain 
tbeir  realati  ve  personal  equation.  If  they  have  leveled  the  lines  in  the  same  direction ,. 
we  obtain  the  difference  of  their  personal  errors,  and,  if  in  opposite  directions,  the 
aooi  of  their  personal  errors. 

If  we  let  x'  represent  the  relative  personal  equation  of  the  two  observers,  then  each 
Um  leveled  wonld  give  an  equation  of  the  form 

(3)  Kx'  —  (n— »)  =  t; 

in  which  K  equals  length  of  line,  and  (n — 8)  discrepancy  between  results.  From  all 
the  lintss  level^  we  would  obtain  the  normal  equation 

W  [K«]a;'  —  [  K  (n~«)  ]  =  0 

Since  in  equations  (2)  and  (4)  there  is  but  one  unknown  quantity  in  each  case,  the 
eoelBcients  [4  K^]  and  [K']  are  the  weights  of  the  nnknown  quantities.  From  this  we 
lee  that  the  personal  error  of  a  single  observer,  duplicating  his  work  in  opposite  di- 
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rectioQS,  can  be  determined  with  foar  times  the  precision  that  the  relative  personal 
equation  of  two  obserrers  can  be  obtained  from  the  same  lines  leveled  once  by  each 
obs^ver.  In  the  case  of  a  single  observer,  the  sign  of  the  error  is  detymined,  and 
the  error  eliminated  from  the  mean  of  results  in  both  directions,  while  with  two  ob- 
servers we  are  in  ignorance  as  to  the  sign  and  amount  of  the  error  made  by  each,  and 
hence,  of  the  error  remaining  in  the  mean,  unless  we  have  additional  evidence.  From 
this  we  arrive  at  the  practical  conclusion  that  eai^  observer  should  duplicate  his  own 
work  in  opposite  directions. 

Having  obtained  the  value  of  x  (or  x')  from  equations  (2)  or  (4)  and  substituted  it 
in  the  several  equations,  the  several  values  of  v  are  obtained. 

Let  ro  =  probable  error  of  a  single  observation  upon  the  value  of  x, 

[t?r]  =  sum  of  the  squares  of  the  several  values  of  c, 

m  =  number  of  observations  =  number  lines  leveled. 


(5)  Then,  ro  =  ±  0.6745 


y/m—i 


Having  found  ro  we  may  compute  the  probable  error  of  the  unknown  quantity  by 
the  formulie 

^"^  ***  ~         ,  px  being  the  weight  of  x, 

Vpx 

The  formula  obtained  above  relate  to  either  (2)  or  (4),  but  what  follows  relates  to 
(2)  alone.  Siuce  the  several  values  of  v  represent  the  accidental  errors  of  observa- 
tions, and  as  these  are  proportional  to  the  square  root  of  the  number  of  observations, 
we  have,  letting  n,  tia,  if3,  &c.,  represent  the  number  of  observations  (instrument 
stations.) 

ViVx  __  Vat's  __  I'st^,  __  VmVm 

111  fig  llj  '*  1»m 

Since,  however,  in  any  particular  case,  the  values  of  n  will  be  very  nearly  proportional 
to  the  distances,  we  may  write 

Vi  Vi        Vi  Vi        t?3  r8   ^^   __  Vta  Vm 


2Ki --2K«~"2K3  2K 


m 


The  expressions  %^^,  l^^f  *^^'>  represent  the  squares  of  the  errors  of  dosing  of 

polygons  whose  perimeters  equal  unity,  which  is  here  taken  as  one  kilometer.  To 
find,  then,  the  probable  error  of  closing  a  polygon  whose  perimeter  equals  one  kilo- 
meter, or  what  is  the  same  thing,  the  probable  error  of  a  single  leveling  per  kilome- 
ter, we  have 

r  may  be  taken  as  a  measure  of  the  precision  of  an  observer's  work,  but  in  compar- 
ing ditferent  observers'  work  it  should  be  remembered  that  the  relation  of  it  to  2K  may 
be  quite  different  for  different  observers. 

One  observer  may  make  his  observations  under  such  conditions  as  to  necessitate  in 
the  mean  12  instrument  stations  per  kilometer,  and  the  other  may  only  make  6  in- 
strument stations  in  the  same  distance. 

r  being  the  probable  error  of  a  single  leveling  per  kilometer,  the  probable  error  of 

r 
the  mean  of  two  levelings  would  be  ' /—*  and  the  probable  error  of  the  difference 

of  elevation  of  two  bench-marks  at  the  ends  of  a  section  consisting  of  m  lines  whose 
aggregate  length  was  [K]  would  be 

The  above  formulae  have  been  applied  to  the  results  of  the  levels  along  the  Missis- 
sippi River,  which  now  extend  from  Biloxi,  Miss.,  on  the  Oulf  of  Mexico,  to  Fulton, 
111.,  a  distance  of  2,100  kilometers.     The  results  will  be  taken  up  in  sections  as  they 

*  The  above  formulfe  for  computing  the  values  of  r  and  R  are  identical  in  form  with  tboae  Kiven  in 
"Pracision-Nevelleiuent  der  Elbe,"  bat  were  deduced  by  the  writer  before  he  was  aware  that  the  same 
formula)  had  previously  been  obtained.  Their  use  here,  however,  is  restricted  to  examples  where  the 
leveling  has  been  performed  by  the  tume  ohncrver  in  oppotUe  directioru  and  the  personal  error  eliminated 
from  the  resnlte.  It  is  not  belie ve<l  that  the  formulse  for  computing  probable  eirors  are  applicable  to 
the  results  of  levels,  except  that  the  above  conditions  are  fulfilled.  The  formuliB  for  personal  error 
and  the  method  of  treating  the  results  in  order  to  arrive  at  an  estimate  of  the  precision  of  the  work  is 
believed  to  be  new. 
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were  leveled,  but  it  will  uot  be  Il♦»^•cs^«a^y  t(»jj;iv«  full  explanations  in  every  case.  As 
it  sometimes  happens  that  more  than  one  result  is  obtained  in  one  or  both  directions, 
the  uniform  role  has  been  adopted  of  combining  the  meaii  of  the  resnits  in  one  direc- 
tion with  the  mean  of  the  results  in  the  other.  The  unit  of  len^jth  is  one  kilometer, 
and  the  unit  of  vertical  measurement  is  one  millimeter.  The  equations  have  been  so 
•rrangedthat  the  values  of  a;  have  the  signs  of  ooiTections ;  when  i)ositivo  the  closing 
elevation  is  too  low,  and  when  minus  too  high. 

PRECISE   LEVELS  FROM  AUSTIN  TO   FRIAR'S   POINT,  MISS. 

This  section  is  43  kilometers  in  length,  and  the  results  of  the  leveling  are  published 
ip  the  Report  of  the  Chief  of  Engineers  for  1879,  page  1944.  All  lines  were  leveled 
in  opposite  directions  an  equal  number  of  times  by  the  same  observer,  and  the 
conditions  under  which  the  work  w^as  done,  aside  from  changes  of  weather,  may  be 
said  to  have  remained  nearly  the  same  throughout.  An  examination  of  the  table  of 
results  shows  19  positive  and  9  negative  discrepancies,  and  one  equal  to  zero.  The 
sum  of  the  positive  discrepancies  exceeds  the  sum  of  the  negative  by  -{-  36™™.3.  The 
snmofthe  positive  discrepancies  is  -|-  47™™. 6,  and  their  mean  size  -f-  2™".50,  and  the 
sum  of  the  negative  discrepancies  —  ll*"™.3  and  their  mean  size  —  1™™.26.  It  is  evi- 
dent the  discrepancies  are  quite  unequally  distributed,  both  with  regard  to  sign  and 
amount. 

Treating  the  results  of  this  section  by  the  method  previously  explained,  we  obtain 
the  followmg  values : 

328.22  X  — 164.05  =  0 

«  =  -f  0™™.50  ±  0™".083 

[w]  =  -f  138.06 

To  =  zt  I'^^.SO 

rx  =  ±  0™™.083 

r  =  ±  0™".88 

R  =  J-4™«.04 

To  express  these  results  in  words,  we  would  say  that  this  observer  makes  elevations 
too  low,  as  he  advances  by  -f  0™"",050  -J-  0™™.083  per  kilometer,  that  the  probable 
error  of  a  single  leveling  was  ^^  0™™.88  per  kilometer,  and  that  the  probable  error  of 
the  difference  of  elevation  between  Austin  and  Friar's  Point  was  J;4™™.04.  The  nn- 
merical  work  of  obtaining  these  results  is  given  on  page  28. 

PRECISE  LEVELS  FROM  COLUMBUS,  KY.,  TO  MEMPHIS,  TENN.,  AND  FROM  FRIAR^S  POINT 

TO  PRENTISS,  MISS. 

These  two  sections  include  about  404  kilometers,  and  were  leveled  by  the  same  ob- 
servers, with  the  same  party  and  outfit,  during  the  same  field  season,  and  are  here 
treated  as  one  section. 

The  manner  of  doing  the  work  was  quite  varied;  sometimes  an  observer  duplicated 
Ilia  work  in  opposite  directions,  sometimes  in  the  same  direction,  either  north  or  80uth| 
and,  again,  two  observers  would  level  the  same  lines,  in  the  same  direction,  or  in  op- 
posite directions.  This  section,  then,  furnishes  us  with  examples  of  all  the  combina- 
tions of  observers  possible,  and  is,  therefore,  a  valuable  one  for  this  discussion.  The 
field  work  was  done  between  November  4, 1879,  and  April  22, 1880.  As  examples  of 
each  combination  are  scattered  along  throughout  the  entire  distance,  the  separate 
lines  have  been  numbered  consecutively  from  Columbus  and  Friar's  Point,  the  latter 
nnrabers  being  distingnislied  by  accents. 

The  following  exhibits  in  tabular  form  the  results  of  leveling  this  section : 


Obwrvenj. 


I 


_  km. 

J.A.Paige *66.7 

JD.Froet *23.4 

5.H.8aDkee *18.4 

P»igfr-Kro8t 1215.8 

J«IW-(- Frost •22.0 

J»i«e--Sankee t5.3 

{Jtevens— Frost 14.6 


Number  of 
discrepancies. 


+     —  Total. 


39 

7 
o 


1 

0 


7 

11 

7 


25     95 
11       3 


3 
5 


46 

18 

9 

120 

15 

4 
5 


Sum  of 
discrepancies. 


+ 


mm 

326. 

37. 

4. 

92. 

76. 

3. 

0. 


—        Total. 


mm. 

—  20.  1 

—  48.  2 

—  36.  3 
—589.7 

—  29.  2 

I—  21.  9 


mm. 
-f  306.  8 

—  10.9 

—  31.5 
—496.8 
+  65.1 

—  26.2 

—  21.  9 


Mean  sise  of 
discrepancies. 


+ 


4  8.38 
5.33 
4-2. 40 
--3.72 
6.95 
3.00 
0.0 


mm. 

—2.87 
—4.38 
— .">.  19 
—6.  21 
—3.80 
—8.73 


Valnea  of 
XAndx'. 


mm. 
+2. 11  ±0.18 
—0.53  ±0.35 
—0.81  ±0.21 
+2. 02  ±0.16 
+  1.47  ±0.74 
+6.12±1.33 


38     +4. 79  ±0.71 


*  Lovele'J  in  opposite  directions. 

H.  Ex.  37 10  • 


f  Leveled  in  same  directions. 
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The  first  observer  makes  elevations  too  low  as  he  advances  by  -f  2°^.ll  J::0™™.18  j 
kilometer,  and  makes  elevations  lower  than  the  second  observer  when  leveling  in  t 
same  or  opposite  directions,  and  also  lower  than  the  third  observer  when  leveling 
the  same  direction.  We  have  so  many  observations  on  this  point  that  it  cannot 
doabted  that  this  observer's  results  were  affected  by  an  error  which  remained  vc 
nearly  constant  thronghoat  the  entire  season,  aild  where  the  error  has  not  been  eli 
inated  by  his  leveling  in  both  directions,  that  a  correction  to  his  results  is  necensa 
The  sign  of  the  correction  is  certain,  and  we  may  consider  that  a  close  approximati 
to  the  amount  of  the  correction  has  been  obtained  from  the  46  equations  of  conditi 
obtained  from  lines  leveled  in  opposite  directions.  This  correction  applied  to  the  pi 
between  Columbus  and  Memphis  for  the  lines  levele<l  in  one  direction  by  this  obser^ 
would  amount  to  4-*'^0'"™,  and  to  the  part  between  Friar's  Point  and  Prentiss  -|-107" 
or  a  total  correction  at  Prentiss  of  -f  327™™  =  1.07  feet. 

The  constant  error  of  this  observer  must  have  been  independent  of  direction, 
he  gets  the  same  results,  as  compared  with  the  second  observer,  whichever  directi 
he  levels.  The  condition  of  the  ground  and  changes  of  weather  evidently  have  no 
ing  to  do  with  the  error,  for  it  lasts  throughout  the  entire  season,  and  the  second  < 
server  when  leveling  over  the  same  ground  at  the  same  time  does  not  obtain  simi 
results.* 

The  results  obtained  by  this  observer  the  following  season  between  Grafton,  I 
and  Cairo.  111.,  contained  no  evidence  of  such  a  constant  error  as  here  shown.  It 
evident,  then,  that  a  duplication  in  an  opposite  direction  the  second  season,  of  lii 
leveled  in  one  direction  during  the  first,  would  not  have  eliminated  the  constant  en 
from  the  mean. 

From  this  we  have  the  practical  conclusion  that  an  observer  should  duplicate  ] 
work  as  soon  aa  possible  under,  as  nearly  as  practicable,  the  same  conditions.  T 
error  of  this  observer  cannot  be  attributed  to  a  settling  of  the  rod  supports,  but  coi 
be  explained  by  supposing  that  the  ro<ls  or  instrument  raised  a  small  amount  gen 
ally  throughout  the  season. 

The  discrepancies  of  the  second  Observer  show  that  his  errors  were  accident 
which  fact  is  also  shown  by  the  probable  error  of  determining  his  personal  error. 

The  third  observer  made  elevations  too  high  as  he  advanced,  but  he  did  not  le' 
enough  lines  to  compensate  in  any  appreciable  degree  the  effect  of  the  first  observe 
personal  error. 

The  foorth  observer  did  so  little  work  that  no  conclusion  could  safely  be  dra 
from  the  results,  but  the  evidence  is  all  in  one  direction. 

The  numerical  work  of  obtaining  the  results  contained  in  the  preceding  table 
given  on  pages  150  and  151.  No  attempt  has  been  made  to  compute  the  probal 
error  of  the  resulting  difference  of  elevation  of  this  section,  as  it  is  believed  that  t 
formulsB  for  probable  errors  are  not  applicable  to  a  large  portion  of  the  work. 

PRECISE   LEVELS  FROM   PRENTISS,    MISS.,   TO   GREENVILLE,   MISS. 

This  section  of  72  kilometers  was  leveled  by  Assistant  J.  B.  Johnson,  and  all  lir 
were  leveled  in  opposite  directions.  After  44.2  kilometers  ha<l  been  leveled  with  t 
rods  supported  on  foot-plates,  stakes  with  nails  in  their  tops  were  driven  and  the  re 
supported  on  these  for  the  remainder  of  the  distance.  This  section  has  been  cited 
furnishing  an  example  ofjods  settling  when  snpported  on  foot-plates  and  rising  wh 
supported  on  stakes.  It  has,  therefore,  been  divided  into  two  parts,  according  to  t 
character  of  supports,  and  each  part  analyzed  sejiarately,  to  ascertain  if  the  manii 
of  supporting  the  rods  has  introduced  a  constant  error  in  the  results. 

Letting  x,  and  x,,  represent  the  constant  error  in  the  two  parts,  respectively,  th 
by  the  formulio  previously  given  we  obtain 

mm.        mm.  mm. 

X,   =  —  0.62  ±  0.12  ,  To,  =  ±  2.70 
jr,,  =  -I-  0.35  ±  0.17  ,  ro„  =  ±  2-79 

These  results  would  seem  to  indicate  that  the  manner  of  supporting  the  rods  hi 
introduced  constant  errors  in  the  results,  but.  the  proof  is  not  positive.  An  inspectit 
of  the  discrepancies  and  residuals  in  the  first  part  shows — 

m 
14  negative  discrepancies,  whose  sum  is — 62 

8  positive  discrepancies,  whose  sum  is 4-15 

13  negative  ivsiduals,  whose  sum  is -—35 

9  positive  residuals,  whose  sum  is -|-27 

The  sum  of  the  discrepancies,  without  regard  to  sign,  is  77™™.6,  and  of  the  residua 
62«™.9. 

*  It  might  be  well  to  state  in  this  oonnection  that  in  all  the  work  done  on  the  Misi^iMlppi  River,  t 
prinoiple  of  eliminating  in«tniroental  errors  by  eqnal  fore  and  back  sights  ban  been  folUiwod,  and  ill 
warefora  the  aooumolation  of  errors  cannot  be  attri bated  to  errors  of  a4jnstment  of  instrumenta. 


^ 
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In  the  Bccoud  part  there  are — 

iDin» 

5  negative  discrepancies,  whose  sum  is — 13. 1 

lOpoMitive  discrepancies,  whose  sum  is -{-34. 1 

7  negative  residuals,  whose  sum  is — 23. 9^ 

7  positive  residuals,  whose  sum  is -|-22. 7 

The  sum  of  the  discrepancies,  without  regard  to  sign,  is  47™™. 2,  and  of  the  resid- 
nalg,  46"™.5.  These  figures  show  that  the  process  of  solution  has  merely  changed  the 
lignHof  afew  of  the  errors  without  materially  reducing  their  mean  size.  The  dis- 
erepaocies  themselves  show  that  the  errors  bavu  little  relation  to  the  distances,  and 
the  large  probable  errors  of  observation  point  to  the  conclusion  that  the  difference 
hetween  x,  dnd  x ,  is  probably  due  to  an  accidental  distribution  of  errors.  In  fact,  if 
three  discrepancies  of— 14™™.2,—  IU™™.4,  and  +ll'"™.8,  found  on  lines  2^™.6,  2^™.6, 
and  3^.4  long  respectively,  were  omitte<l  fn»ni  the  discussion,  the  values  of  x,  and  x,, 
would bec(»me  —  0™™.31  and  -|-  0™™.07,  respectively,  and  their  difi'erence  would  scarcely 
exceed  what  w^ould  be  expected  from  their  probable  errors. 

The  suspicion  that  these  discrepencies  are  the  result  of  accidental  errors  is  strength- 
ened by  the  fact  that  this  was  the  observers  first  experience  in  this  work,  and  aldo 
by  the  fact  that  all  his  subsequent  work  shows  occas  onal  errors  of  approximately 
10«».  For  the  later  errors  the  explanation  has  been  offered  that  they  were  caused  by 
mistakes  of  the  rodmen,  hut  as  errors  of  reading  the  rod  of  10™™  or  20™™  frequently 
oecnrand  are  detected  in  the  field  or  in  the  reduction,  it  is  quite  likely  that  this  is 
the  way  that  tht^se  errors  were  made  and  escaped  detection. 

Numerous  examples  could  be  drawn  from  the  note-books  of  this  office  where  the 
readings  of  the  three  wires  are  inconsistent,  and  show  that  an  error  of  10™™  has  been 
madeiu  reading  either  one  or  two  wires,  with  no  evidence  to  decide  which  is  the 
ease.  An  uncertainty  of  10™™,  therefore,  remains  in  the  mean  of  the  three  readings. 
This  explanation  of  the  way  errors  of  that  size  are  made  is  not  confined  to  ttils 
lection  or  to  this  observer. 

We  conclude,  then,  that  the  proof  t]xat  changing  the  manner  of  supporting  the  rods 
had  affected  the  results  is  not  sufficient*.  That  the  cumulative  error  was  not  the 
effect  of  motion  of  ro<l  supports,  would  have  been  inferred  from  the  results  of  the 
levels  between  Columbus  and  Memphis,  where  two  observers  with  rods  supported 
alike  obtained  so  dissimilar  results  while  leveling  the  same  lines  at  the  same  time. 
In  order  to  explain  the  results  obtained  by  the  first  observer  there  by  a  motion  of  the 
rod  supports,  it  would  be  necessary  to  suppose  that  a  foot  plate  and  rod  weighing  in 
all  tl  )M>und8,  had  riaen  nearly  uniformly  throughout  an  entire  season.  As  the  press- 
ore  on  the  foot  plate  would  probably  be  increased  by  the  rodman  about  20  pounds, 
this  supposition  is  iuadmissible. 

We  have,  therefore,  combined  all  the  results  in  this  section,  and  obtained  the  fol- 
lowing values : 

769.52  x-f  205.87=0,    x=— 0™™.26±^"'".n,     [pi0=744.94 
ro=J::3™™.07,     r,=  ±0°>™.ll,    r=±l™™.48,     R=J::a™«».b8. 

PRECISE  LEVELS  FROM  GRAFTON,  ILL.,  TO  CA.IRO,  ILL. 

The  only  results  obtained  in  this  section  of  345  kilometers  bearing  upon  the  subject 
of  this  discQSBiou  were  those  obtained  by  Assistant  O.  W.  Ferguson  iu  the  221  kilo- 
meters south  from  Grafton.  These  results  are  siiown  on  the  )>lot  on  Plate  III,  and 
reference  to  them  has  previously  been  made.  This  observer  made  elevations  too  low 
J8  he  advanced,  but  the  error  did  not  remain  constant,  and  the  method  here  given 
has  not  been  applied  to  the  results.  As,  during  the  time  that  he  leveled  the  linea 
shown  on  the  plot,  he  also  leveled  many  lines  to  the  Mouth  without  duplicating  them 
jn  the  opposite  direction,  it  is  probable  the  diflftTeuce  of  elevation  obtained  between 
Grafton  and  Cairo  is  affected  by  this  cumulative  error. 

PRECISE  LEVELS  FROM  KEOKUK,  IOWA,  TO  GRAFTON,  ILL. 

This  section  of  242  kilometers  was  leveled  in  duplicate  by  two  observers,  Assist- 
•Dk  J.  B,  Johnson  always  leveling  t.oward  the  sonth  and  Assistant  O.  W.  Ferguson 
•IwgyB  leveling  toward  the  north.  The  work  progressed  from  north  to  south.  Com- 
mencing at  llU  kilometers  at  Keokuk  and  continuing  for  110  kilometers,  the  results 
0'  the  second  observer  are  lower  than  those  of  the  first  observer.  Of  the  66  lines 
incladed  in  this  portion,  48  gave  positive  discrepancies,  whose  sum  is  -|-118™™.1,  and 
jl^gave  negative  discrepancies,  whose  sum  is  — 27™™.0,  and  the  total  discreponoiea 
wtween  the  two  observen  is  -f  91"»™.l . 
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As  the  plot  of  the  discrepancies  on  Plate  Y.  shows  that  this  error  was  practicallj 
constant  throughout,  its  value  has  been  found  by  the  formulte. 

X  =  —  0n»ni,62  ^  0™«n.  11 

ro  =  i  l»"">.61 

As  it  is  more  probable  that  this  error  was  made  by  one  observer  than  that  the  two 
observers  made  equal  errors  of  opposite  sijjjns,  the  difference  of  elevation  between 
Keokuk  and  Grafton  is  probably  in  error  by  45"™  from  this  cause.  The  sign  of  the 
error  is  not  determined.  The  numerical  work  of  obtaining  these  results  is  given  on 
page  157. 

PRECISE   LEVELS   FROM   CARROLLTOK,  LA.,  TO   BILOXI,  MISS. 

The  levels  of  this  section  of  140  kilometers  were  run  by  the  same  observers  and  in 
the  same  manner  as  those  between  Keokuk  and  Grafton.  After  about  60  kilometers 
had  been  leveled,  the  results  of  the  two  observers  commenced  to  diverge  until  at  the 
end  of  the  line  their  results  differed  by  about  50™™.  The  same  remarks  are  applicable 
to  this  section  as  the  preceding  one. 

PRECISE  LEVELS  FROM  CAIRO,  ILL.,  TO  COLUMBUS,  KY.,  AND  FROM  MEMPHIS,  TBNK., 

TO   AUSTIN,  MISS. 

The  leveling  of  these  sections,  with  the  exception  of  about  6  miles,  was  all  done 
in  one  direction,  the  observer  carrying  along  two  lines  by  means  of  two  rods,  used 
independently.  There  is,  therefore,  no  information  as  to  whether  or  not  there  was 
any  accumulation  of  errors  in  these  sections. 

PRECISE   LEVELS  FROM   GREENVILLE,    MISS.,    TO   CA^ROLLTON,    LA. 

The  levels  of  this  section  of  470  kilometers  were  run  by  parties  of  the  United  States 
Coast  and  Geodetic  Survey,  and  the  method  pursued  was  to  level  alternat<e  sections  in 
opposite  directions,  in  order  'Ho  prevent  the  gradual  accumulation  of  error,  supposed 
to  be  due  to  running  constantly  in  one  direction"  (C.  S.  Report,  18B0,  page  137).  It  i» 
probable  that  this  method  prevented  any  accumulation  of  error,  but  it  fails  to  give 
any  evidence  on  the  subject. 

The  following  are  the  values  of  r  and  R,  computed  by  the  method  given  in  **Praci- 
aion-Nivellement  der  Elbe,"  which  method  is  in  use  by  the  United  States  Coast  and 
Geodetic  Survey : 

r  =  -l-   0™™.90 
R  =  ±ll™™.6 

PRECISE   LEVEI^   FROM   KEOKUK,   IOWA,  TO   FULTON,   ILL. 

The  results  of  all  the  sections  previously  mentioned  were  known  before  this  section 
was  leveled,  although  the  final  reductions  were  not  quite  completed. 

The  conclusions  to  be  drawn  from  them  had  l>een  pointed  out  in  the  preliminary 
report,  and  some  experimental  work  had  been  done  with  reference  to  obtaining  addi- 
tional information  upon  the  subject,  but  the  results  indicated  that  the  work  was  not 
of  a  character  to  make  it  valuable  in  this  discussion. 

When  the  parties  took  the  field  they  received  instructions  that  each  observer  should 
duplicate  his  own  work  in  opposite  directions.  In  order  to  throw  additional  light  on 
the  question  whether  or  not  the  accumulation  of  errors  noticed  in  some  of  the  sections 
was  caused  by  a  motion  of  the  rod  supports,  the  parties  were  provided  with  st^el 
pins,  to  be  used  as  they  saw  fit  in  supporting  the  rods. 

A  slight  modification  was  also  made  in  the  form  of  the  spur  in  which  the  rod  ter- 
minates. This  modification  consisted  in  having  the  rotl  terminate  in  a  plane  surface, 
which  rested  on  a  conical  surface  on  the  foot-plates  or  pins,  instead  of  terminating  in 
a  spherical  surface,  which  rested  on  a  concave  spherical  surface  of  larger  diameter. 
The  observers  were  the  same  as  those  employed  in  the  sections  Carrollton  to  Biloxi 
and  Keokuk  to  Grafton. 

On  pages  158  and  159  is  given  a  tabulation  of  the  results  obtained  in  this  section.  As 
the  observers  leveled  alt«'rnate  portions  of  the  line,  the  numbering  of  the  bench-marks, 
which  is  consecutive,  will  indicate  the  order  in  which  the  i-esults  occur  in  the  line. 
Sometimes  an  observer  obtained  two  results  at  the  same  time  by  using  both  foot-plates 
and  pins.  In  the  tabulation  such  results  are  indicated  by  an  asterisk  in  the  column 
of  bench-marks.  An  examination  of  the  table  shows  that  the  discrepancies  of  either 
observer  are  well  distributed,  both  with  regard  to  sign  and  amount,  throughout  the 
aeason's  work,  whether  leveling  on  pins  or  foot-plates ;  and  that  the  work  upon  the 
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foo^ plates  is  slightly  better  than  that  upon  pius.     These  facts  are  shown  by  the  fol- 
lowing; table  of  discrepaucies : 


1 

No. 

41 
34 

0.  W.  F.,  OBSERVER. 

J.  U.  J.,OHSERVBR. 

1 

:*iiia.                Foot  plates. 

Pins. 

Foot  plates. 

DiHcrepancies. 

Discrej 
No.        Sum. 

t 

mm. 
31       +60.9 
29       —76. 2 

lanciee 

1. 

Pwitive 

NegatiTe 

Sum. 

vim. 

+  8.3.2 
-^63.8 

No.  ,     Sum. 

mm. 
23  i     +35.8 
2.3  j     -51. 1 

No. 

32 
32 

Sam. 

mtn. 

+71.0 
—56.5 

1 

Sam 

75 

+  19.4 
1.96 

46  !     -15.3 

'          1.89 

1 

60 

-15.3           64 

2.28    

+  14.5 
1.99 

Mean  siie 

The  total  divscrepancy  in  all  the  first  observer's  work  is  +4.1™'"  and  in  the  second 
-(LS""",  or  in  the  whole  section  4-3.3""". 

Thisn'markable  counterbalancing  of  errors  may  partly  be  accidental,  but  is  prob- 
ably lar«;ely  to  be  attributed  to  increased  care  in  the  work.  There  is  nothing  in  the 
results  that  shgw 8  that  an  accumulation  of  error  was  prevented  by  changing  from 
one  kind  of  support  to  the  other. 

The  preceding  sections  include  all  the  levels  along  the  Mississippi  River,  except 
those  from  Fulton  to  connect  with  Lake  Michigan,  at  Chicago,  which  are  not  yet 
finally  reduced.  It  is  beJieved  that  the  following  conclusions  can  sately  be  drawn 
from  the  results  set  forth  in  the  prece<ling  pages. 

(l.)The  results  of  leveling  niav  be  elfected  l»y  cumulative  errors,  which  vary  with 
dilferent  observers,  an<l  do  not  always  remain  constant  with  the  same  observer. 

i'i.)  The  mean  of  s<'veral  results  obtained  by  the  sanu^  or  dilVerent  observers  may  re- 
quire a  eoimiderable  correction. 

(3.)  That  thes«^  cumuljitive  errors  are  nearly  pro])ortional  to  the  distances  leveled, 
and  in  some  cases  are  independent  of  the  nature  of  the  ground,  the  direction  in  which 
the  work  is  done,  the  season,  or  tin*  manner  of  supporting  the  rods. 

(4.)  That  in  (irder,  as  far  as  jmssible,  to  eliminate  the  cllcct  of  such  errors,  each  ob- 
server should  duplicate  his  own  work  in  opposite 'directions,  under  the  same  condi- 
tions. 

(->.)That  long  lines  of  levels,  even  if  leveled  in  duplicate,  should  be  independently 
chi'eked. 

The  above  rejiort  issubmitte<l  in  hopes  that  it  niay  add  information  in  regard  to 
Icvi'Iinjr,  and  increase  the  accuracy  of  future  operations.  It  is  hoped  that  it  may 
mm  with  your  approval.  *  • 

Very  respect  full  v,  your  obedient  servant, 

L.  L.  WHEELER. 
First  Liout.  S.MITH  S.  Lkach, 

Secretary  Misaifisippi  Jiiver  Commisaion. 

J^fermination  of  persoiial  trror  of  Assistant  L.  L.  Whaler  from  the  results  of  levels  from 

Auatin  to  Friar^s  Point ^  MiffS. 


2Kx— (n  —  s)  =  v 

km.  mm. 

(^) 3.1  -^  2.8 

i'^) 2.4  -f  0.1 

(^) 1.7  -f  2.1) 

(•*) 2.0  —  0.7 

(^) 2.t>  -f  4.2 

(*>) 2.1  4-  1.2 

(7) 2.1  -  LI 

(?) i.r>  0.0 

(?) 4.2  -f  3.2 

) :^.4  +0.2 

WW 4.0  ?3,5 

\]i\ 1.8  -0.3 

(14) 64  4-  U.8 


4K2x  — 2K  (n-«) 


t? 


mm. 

+ 

9.61 

4- 

H.6t! 

1.2 

-f 

5.76 

4- 

0.24 

4-  1.1 

+ 

2.-1) 

4- 

4.93 

—  2.1 

+ 

4.00 

1.40 

4-  1.7 

4- 

6.76 

4- 

10.92 

2.9 

4- 

4.41 

+ 

2.52 

—  0.2 

4- 

4.41 

•2.31 

4-  *^.l 

4- 

2.25 

0.00 

-f  0.8 

+ 

17.64 

4- 

13.44 

-  1.1 

+ 

n.m 

4- 

0.68 

4-  1.5 

+ 

5.29 

4- 

1.84 

4-  0.4 

+ 

16.00 

4- 

14.00 

—  1.5 

-f- 

3.24 

0.54 

4-  1.2 

-f- 

40.96 

-f 

5.12 

4-2.4 

vv 

rv 

2K 

1.44 

0.47 

1.21 

0.50 

4.41 

2.60 

2.89 

1.44 

8.41 

3.23 

0.04 

0.02 

4.41 

2.10 

0.64 

0.04 

1.21 

0.30 

2.25 

0.66 

0.16 

0.08 

2.25 

0.56 

1.44 

0.90 

5.76 

0.90 

1 


-h     6.25 

—    2.00 

--  2.0 

4.00 

-h  Id. 49 

-f  17.20 

—  1.8 

3.24 

-f     1.44 

—     3.36 

+  4.4 

19.36 

-f  10.24 

—     4.b0 

4-  3.1 

9.61 

-f  25.00 

-f  17.50 

-  1.0 

1.00 

-h    7.29 

-f-     5.94 

—  0.8 

0.64 

-f  16.00 

—  10.80 

+  4.7 

22.09 

-f    2.89 

-f.     1.53 

—  0.1 

0.01 

-f  24.01 

+  18.62 

—  1.4 

1.96 

4-  16.00 

—    0.80 

-f-  2.2 

4.64 

-f     1.00 

-f     0.60 

-  0.1 

0.01 

-f  36.00 

-f  52.20 

5.7 

32.49 

-f  22.09 

+     7.99 

4-  0.7 

0.49 

-f-     6.25 

-f-     6.25 

-  1.2 

1.44 

+    0.49 

—     0.14 

-f  0.6 

0.36 
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Determination  of  personal  error  of  Assistant  L.  L.  Whcfler^  ^-c. — ContiDued. 

2K^  —  (n  —  »)  =  v                  4K*x— 2K(»  — «)  r                   tv 

ktn,        tntn,  mm. 

(15) 2.5    —0.8 

16) 4.3    -f  4.0 

17) 1.2    —  3.8 

18) 3.2    —  1.5 

19) 5.0    4-  3.5 

20) 2.7    4-  2.2 

21) 4.0    —  2.7 

22) 1.7    4-  0.9 

23) 4.9    4-  3.8 

24) 4.0    —  0.2 

25) 1.0    4-  0.6       ' 

26). 6.0    4-  8.7 

(27) 4.7    4-  1.7 

(28) 2.5    4-  2.5 

(29) 0.7    —  0.2 

328.22        4-164.05  [rt?]      =     13d.06          4 

Normal  equation : 

328.22a;— 164.05  =  0  x=4.0.50»«n J-0.083    4b^ 

m  =  29  u=l  p  =  328 

.6745\/[t?r] 
r,  =    /  -^    -— =  =  X  0.083"'"' 
Vp  ( m— // )      "^ 

R=  4- 0.6745   /- X  ^^' *^  =  it  4.04"«  r  =  4-0.88'»« 

^            V29          2          ^  "^ 

Determination  of  personal  error  of  Aasvitant  J,  A.  Paigc^  from  the  rersults  of  levels  f 

Columbus  to  Memphis  and  from  Friar^s  Point  to  Prentiss. 

No.  of  line.                2  Kx—  (w— ^)                 v  tt            4  K'^  —  2  K  (n 

3 0.8     4-     5.4  =  4-     7.0  49.00              0.64  -f-      ^ 

4 2.1     4-     1.4  =  4-     5.7  3249              4.414-      - 

9 1.4     —     4.4  =  —     1.6  2.56              1.96—      < 

12 1.8    —10.3  =  —    6.6  43.,^>6              3.24—     1* 

13 0.9     4-     0.7  =  4-     2.5  6.25              0.814-      I 

14 2.3     —     4.1  =  4-     0.6  0.36              .5.29—      ! 

15 6.3    —14.3  =  —     1.5  2.25            39.69—    9i 

16 1.7     —  15.0  =  —  11.6  134.56              289—    2 

17 0.8    4-     3.2 h    4.8  23.04              0.64  -f-      ' 

19 4.4     —  21.5  =  —  12.6  158.76            19.36—    9 

20 8.9     —  12.3  =  -f-     5.8  33.fv4             79.21  —  101 

21 2.2     —     4,3  =  4-     0.2  0.04              4.84—      1 

22 6.1/—     5.2  =  4-     7.2  51.84            37.21—     3 

23 3.0     —    6.6  =  —    0.5  0.25              9.00—     V 

24 2.1     —    8.7  =  —    4.4  19.:^              4.41—    1 

25 3.5    —    6.8  =  4-    0.3  0.09            12.25—    2 

28 1.3    —     1.9  =  -f     0.7  0.49              1.69—      1 

29 2.2    —  17.8  =  —  13.3  176.89              4.H4  —     3 

30 4.0    —  24.5  =  —  16.4  268.96            16.00—    9 

31 5.9    —14.5  =  —    2.5  6.25            34.81—    8 

32 0.6    —     1.9  =  —    0.7  0.49              0.36  — 

35 3.7    —    3.3  =  4-     4.2  17.64            13.69—    1; 

41 1.4    —    3.8  =  —    1.0  1.00              1.96—      ! 

43 2.5    —     4.3=4-    0.8  0.64              6.25—    H 

44 4.5    —    5.6  =  4-    3.5  12.25            20.25—    21 

50 1.3    —    0.4  =  4-    2.2  4.84              1.69—      < 

61 5.2    4-    3.1  =  4-13.6  184.96            27.04  4-    H 

66 7.9    —    ^-.0  =  4-    8.0  64.00            62.41—    6: 

68 1.9    —    4.7  =  —    0.8  0.64              3.61  — 

82 2.1    —    3.4  =  4-    0.9  0.81              4.41  — 

83 2.3    —    5.1  =  —    0.4  0.16             5.29—    L 
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DtterminatioH  of  personal  error  of  Assistant  J,  A,  Paiges  j-c, — Continaed. 

No.  of  line.                 2Kj:  — (n  — «)  v  vx>  4K«— 2K(ii— «) 

84 1.9  —    2.4  =  -f  1.4  1.96  3.61—  4.56 

«6 1.3  —     7.5  =  —  4.9  24.01  1.69—  9.76 

86 5.8  —    7.8  =  -f  4.0  16.00  33.64—  45.24 

94 1.4  —    9.7  =  —  6.9  47.61  1.96—  13.58 

95 3.9  —  19.0  =  —  11.1  123.21  15.21—  74.10 

96 3.4  —     6.6  =  -f  0.3  0.09  11.56—  22.44 

99 2.7  —14.8  =  —  9.3  86.49  7.29—  39.96 

101 26  —124  =  —  7.1  50.41  6.76—  32.24 

130 0.7  -f-    0.4  =  -f  1.8  3.24  0.49  -f  0.28 

10' 3.5  —    8.1  =  —  1.0  1.00  12.25—  28.35 

11' 2.3  -f.    5.9  =  -f  10.6  112.36  5.29+  13.57 

IH' 1.7  —    5.9  =  —  2.4  5.76  2.89—  10.03 

23' 3.1  —11.2  =  —  4.9  24.01  9.61—  34.72 

27' 2.0  —    2.1  =  4-  1.9  3.61  4.00—  4.20 

36' 2.0  —    .5.7  =  —  1.6  2.56  4.00—  11.40 


1800.39  550.40  —1118.31 

Nomiftl  eqaation : 

550.40  X  —  1118.31  =  0.  x  =  -f-  2.03«» 

To  compnte  prob.  error  of  x : 

P.  E.  of  X  =  0.6745     /— t^L  =  0.6745   /  _1^^-^'^^  =  ^  o.l8»"^ 

y  p{m—^)  V550.40X45       ^ 

X  =  -f  2.11"™  Jc  0.18™" 
Prob.  error  of  a  single  observation  : 

ro.  =  ±  O.G74r,     /i?^-^li5?=  ±  4.27""" 

determinations  of  personal  error  of  Ansisiant  B,  D.   Frost  from  results  of  levels  from 
Columbus  to  Memphis  and  from  Friar's  Point  to  Prentiss. 

^o- of  line.  2Kx  — (n— »)=         v  vv        4  K«     — 2K(n— *) 

^ 2.8x  —  11.7  =  —13.2  174.24  -f    7.84  —32.76 

^7 4.8  4-  11.0  =  -f  8.5  72.25  -|-  23.04  +52.80 

j9 1.9  —  0.2  =  —  1.2  1.44+    3.61  —0.38 

^2 3.1  —  3.6  =  — 5.2  27.04+    9.61  —11.16 

^ 2.3  +  2.1  =  +  0.9  0.81+    5.29  +4.83 

22 •  1-7  +  1.9  =  +  1.0  1.00+    2.89  +3.23 

S •  4.8  +  11.0  =  +  8.5  72.25  +  23.04  +52.80 

-7^ 2.7  +  5.9  =+  4.5  20.25+    7.29.  +1593 

JJ2 4.3  +  2.0  =  —  0.3  0.09  +  18.49  +8.60 

JP 2.9  —  3.0  =  —  4.5  20.25+    8.41  —8.70 

;J^ 2.1  +  5.9  =  +  4.8  23.04+    4.41  +12.39 

*;? 2.2  —  2.5  =  —  3.7  13.69+    4.84  —5.50 

ijl 2.4  +    0.1  =  —  1.2  1.44+  5.76  +0.24 

iYJ 2.0  +     4.9  =  +  3.8  14.44+  4.00  +9.80 

i^j 1.3  +     1.9  =  +  1.2  1.44+  1.69  +2,47 

|t5 1.5  +     15  =  +  0.7  0.49+  2.25  +2.25 

^2l; 2.0  —  11.7  = —12.8  163.84+  4.00  —23.40 

^ 2.0  —    4.6  =  —  5.7  32.49+  4.00  —9.20 

640.49  +140.46  +74.24 

*'ormal  equatioD  ; 

140.46X  +  74.24^=  0  »  =  —  0.53"» 

-*Tt>b.  error  of  a  single  observation : 

ro  =  ±  0.6745    /'^^  =  ±  4.  U""* 
***ob.  error  of  z ; 
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Determinalion  of  personal  error  of  Mr.  E.  H.  Sankee. 

No.  of  line.  2Kx  —  {n  —  M)=       v  vv         4  K-      --2K(i 

i:V l.fix  -f-  6.:i  =  -f5.0  25.004-     2.56  -f 

14' 5.0  4-  l.(J  ;^  —-2.4  *        .^76  4-2500  -f 

15' 4.8  4-  :i.2  =  — 0.7-  0.49  4-2:^.04  + 

16' 4.6  4-6.7  =  4-3.0  9.00  4-21.16  -f 

17' 4.:3  4-6.0  =  4-2.5  6.25-1-18.49  -f 

19' 4.2  4-  7.9  =  -1-4.5  20.25  4-17.64  -f 

28' 4.0  —  1.2  =  —4.4  19.36  4-16.00  — 

29' 3.2  —  3.6  =  —6.2  38.44  -f-  10.24  — 

30' 5.2  4-  4.6  =  H-0.4  0.16  4-27.04  + 

124.71  +161.17  H-1 

Normal  equation: 

161. 17  x-f  130.84  =  0  x  =  — 0.812™'° 

Prob.  error  of  a  single  observation: 

ro  =  -±  0.6745    /^"^'^•'-^  =  ±2.66^'" 

Prob.  error  of  x : 

To  2  66 

r,  =  -   -  =      -*         =4-0.210'""'  u-  =  — 0.812™™4-0.210»"™ 

"/Pz     a/161.17      -^  ^ 

Determination  of  sum   of  pergonal  err  or  h   of  Assistants  Paige  and   Froftt^  from  resu 
levels  between  Columbus  and  Mcmjp^iiSj  and  Friar^s  Point  and  Prentiss. 

No.  of  line.  Kx'     —    (P-F)=  »  vv  K^— K(P. 

41 0.7x'  —  6.2  =  —  5.2  27.04  0.49  — 

43 1.3  —  \\A\  =  —  \j  2.89  1.69  — 

49 0.9  4-  1.0  =:  4-  2.3  5.29  0.81  -f 

52 1.6  — 11.2  =  —  8.9  79.21  2..56  — 

55 1.2  _  5.5  =  —  3.7  13.69  1.44  — 

57 0.8  —  r).6  =  —  4.4  19.36  0.64  — 

64 2.2  —  9.9  =  —  6.7  44:89  4.84  — 

66 3.9  4-  9.6  =  -fl.5.3  234.09  15.21  4- 

99 1.4  —  i).:t  =  _  7.2  51.84  1.96  — 

101 1.3  —  2.0  =  —  0.1  0.01  1.6*9  — 

116 2.3  -4.0  =  —  0.6  0.36  5.29  — 

130 0.4  _  3.0  =  —  2.4  .5.76  0.16  — 

147 1.0  —16.2  =  -14.7  216.09  1.00  — 

36' 1.0  -f.  0.8  =  4-  2.3  5.29  1.00  -f 

61' 2.0  0.0  =  4-  2.9  8.41  4.00 

714.22  42.78  — 

Normal  equation : 

42.78x'  —62.88  =0  a/  =  4-  1.47™™ 

Prob.  error  of  a  single  observation  : 

ro=  ± 0.6745,^/^^^•f'^  =  i  4.82™™ 
^         14 

Probable  error  of  x' : 

r,'=:    ?^^  =    -=fc- ^^  =  ±  0    4™™  x'  =  4-  1.47™™  ±0.74»«' 

Vp^'  1/42.78 
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Determination  of  difftrence  of  personal  errors  of  Messrs.  Frost  and  Stevens. 

Ko.  of  line.  Kx* 

140 0.7 

141 1.2 

142 1.0 

143 .' l.l 

144 0.6 


Normal  eqaation  : 


4.50x'  —  21.55  =  0 


(F  -  S) 

—    r 

vv 

K3- 

K(F  — 8) 

-  0.4  = 

-f  2.9 

8.41 

0.49 

—  0.28 

—  5.9   = 

-  0.2 

0.04 

1.44 

—  7.08 

—  7.2  = 

—  2.7 

7.2'.* 

1.00 

—  7.20 

—  3.9  = 

-f  1.4 

1.96 

1.21 

—  4.29 

—  4.5  = 

—  1.6 

2.56 

0.36 
4.50 

—  2.70 

20.26 

—21.55 

=  0 

x' 

—  4.  4.79»n'n 

ro=±  0.6745 


/20.26_ 


=  ±  1.51 


mm 


r  '    — 


To  1.51 

^^,.  =  ±     ,71  r.iS   =  ±  0.71™n- 


1/4.50 


Dettrminaiion  of  difference  of  personal  errors  of  Assistants  Paige  and  Frost  from  the  results 
ofltveh  from  Columbus  to  Memphis  and  from  Friar's  Point  to  Prentiss. 

No.  of  line.  Kx' - 

26 2.0x'   4- 

W 2.4  -f. 

33 4....  2.0  + 

^ 1.6  — 

37 2.4  — 

38 3.0  4- 

»» 4.()  4- 

40 ;j.4  4- 

41 0.7  - 

4-2 4.0  — 

43 1.3  + 

45 2.3  — 

48 3.9  4- 

49 0.9  ~ 

52 1.6  -\. 

5-'<  ...  1.0  -f 

54 l.B  4. 

55 1.2  4- 

56 1.3  4- 

57 O.H  4- 

59 1..-,  I 

« 2.0  4. 

61 0.5  4- 

^ 2.4  4- 

65 0.5  — 

6f> 3.9  4- 

67 1.4  4. 

69 2.3  - 

70 :{.8  4- 

71 1.0  + 

n 0.2  + 

r^ 4.3  + 

'< 0.5  4- 

75 1.6  -f- 

^ 2.9  — 

98 2.2  4- 

99 1.4  4. 

100 2.2  4- 

U)l 1.3  4- 

102 0.9  4. 

m 1.1  4. 

104 l.r>  4- 

i05 \,\\  4. 

m 1.6  4- 

107 1.7  4. 

106 1.6  - 

109 1.0  4. 


(P- 

-t')- 

V 

vv 

K'*- 

K(P  — F) 

5.9 

-  -f- 

1.9 

3.61 

4.00 

4- 

11.80 

16.3 

-  -f 

11.5 

132.25 

5.76 

■f 

39.12 

8.2 

-  4- 

4.2 

17.64 

4.00 

4- 

16.40 

2.0 

5.2 

27.04 

2.56 

3.20 

12.3 

-  -f- 

7.5 

.56.25 

5.76 

4- 

29.52 

15.1 

-f 

9.0 

81.00 

9.00 

4- 

45.30 

6.6 

2.7 

7.-.>9     . 

21.16 

4- 

30.36 

3.7 

— 

3.2 

10.24 

11..56 

4- 

12.58 

2.4 

— 

3.8 

14.44 

0.49 

1.68 

9.1 

— 

17.2 

295.84 

16.00 

— 

36.40 

0.7 

—  — 

1.9 

3.61 

1.69 

4- 

0.91 

5.4 

=  — 

10.0 

100.00 

5.29 

12.42 

8.1 

=  -f- 

0.2 

0.04 

15.21 

+ 

31.59 

1.2 

3.0 

9.00 

0.81 

1.08 

7.6 

=  -f 

4.4 

19.36 

2.  .56 

4- 

121a 

2.5 

=  4- 

0.5 

0.25 

1.00 

4- 

2.50 

10.3 

~  + 

7.3 

53.29 

2.25 

+ 

15.45 

7.6 

-  4- 

5.2 

27.04 

1.44 

4- 

9.12 

4.0 

-  4- 

1.4 

1.96 

1.69 

4- 

5.20 

7.5 

=  4- 

.5.9 

34.81 

0.64 

4- 

6.00 

1.3 

4.3 

18.49 

2.25 

1.95 

4.1 

4- 

0.1 

0.01 

4.00 

-f 

8.20 

0.1 

0.9 

0.81 

0.25 

4- 

0.05 

8.4 

4- 

3.6 

12.96 

5.76 

4- 

20.16 

3  8 

4.8 

23.04 

0.25 

1.90 

17.6 

=  4- 

9.7 

94  ()9 

15.21 

4- 

68.64 

9.6 

-  4- 

6.8 

46  24 

1.96 

4- 

13.44 

7.5 

12.2 

148.84 

5.29 

17.25 

12.4 

4- 

4.7 

22.09 

14.44 

4- 

47.12 

8.0 

-  4- 

6.0 

36.00 

1.00 

4- 

8.00 

1.8 

4- 

1.4 

1.96 

0.04 

4- 

0.36 

4.6 

4.1 

16.81 

18.49 

4- 

19.78 

5.1 

4- 

4.1 

16.81 

0.25 

4- 

2.55 

10.2 

-  4- 

7.0 

49.00 

2.56 

4- 

16.32 

4.9 

10.8 

116.64 

8.41 

14.21 

1.4 

:=:    — 

3.0 

9.00 

4.84 

4- 

3.08 

.5.5 

-  4- 

2.7 

7.29 

1.96 

4- 

7.70 

3.4 

1.0 

1.00 

4.84 

4- 

7.48 

10.4 

-  4- 

7.8 

60.84 

1.69 

4- 

13..52 

5.2 

-  4- 

3.4 

11. .^^6 

0.81 

4- 

4.68 

2.3 

-  4- 

0.1 

0.01 

1.21 

4- 

2.53 

0.4 

2  6 

6.76 

2.25 

4- 

0.60 

6.1 

=  4- 

3.5 

12.25 

1.69 

4- 

7.93 

.5.4 

=  4- 

2.2 

4.84 

2.56 

4- 

8.64 

10.7 

=  4- 

7.3 

53.29 

2.89 

4- 

18. 1» 

2.2 

5.4 

29.16 

2.56 

3.52 

7.0 

-  4- 

5.0 

25.00 

1.00 

4- 

7.00 
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DeterminuUon  of  difference  of  pergonal  errors  of  Aaaistants  Paige  and  Frostf  <f*c. — Contioued. 


No.  of  line.  Kx'  — 

110 1.0 

117 1.9 

118 0.9 

119 0.5 

12Q 1.4 

121 2.8 

122 0.9 

123 2.2 

124 1.2 

125 1.3 

126 1.2 

127 1.0 

128 1.2 

129 2.3 

130 0.4 

131 0.6 

132 0.5 

133 3.2 

134 4.9 

135 4.2 

136 1.2 

137 1.2 

138 3.4 

146 4.0 

147 1.0 

148 0.8 

149 1.3 

150 0.8 

151 1.0 

152.. 0.9 

153 3.4 

154 0.9 

155 0.9 

156 1.6 

157 2.3 

158 2.0 

159 .• 5.4 

160 1.8 

161 1.0 

162 0.9 

163 1.2 

164 2.2 

165 2.8 

34'   3.1X' 

^5'   2.3 

36'  1,0 

37'  3.1 

38' 1.0 

39'  0.6 

40'  1.0 

41'   2.4 

42'   2.1 

44'   ....; 0.7 

45'   0.9 

46'  1.9 

47'   2.6 

48'   2.8 

49'   2.1 

SO'  1.7 

61'  2.1 

52'  1.8 

53'  0.8 

54'   1.0 

55'  1.5 

66'  2.2 

57'  2.0 


[P- 

-F)  = 

V 

vv 

K«  — 

K(P-F) 

4- 

9.0  = 

4- 

7.0 

49.00 

1.00 

4- 

9.00 

4.5  = 

8.3 

68.89 

3.61 

8.55 

-f 

8.6  = 

4- 

6.8 

46.24 

0.81 

4- 

7.74 

-f 

9.1  = 

4- 

8.1 

65.^1 

0.25 

4- 

4.55 

+ 

5.7  — 

4- 

2.9 

8.41 

1.9() 

4- 

7.98 

-h 

2.7  = 

3.0 

9  00 

7.84 

4- 

7.56 

4- 

8.3  = 

4- 

6.5 

42.25 

0.81 

4- 

7.47 

4- 

5.3  = 

4- 

0.9 

p.8l 

4.84 

4- 

11.06 

+ 

10.2  = 

4- 

7.'5 

60.84 

1.44 

4- 

12.24 

1.3  = 

3.9 

15.21 

1.69 

1.69 

+ 

4.7  = 

4- 

2.3 

5.29 

1.44 

4- 

5.64 

4- 

2.3  — 

4- 

0.3 

0.09 

1.00 

4- 

2.30 

+ 

1.5  = 

•  .9 

0.81 

1.44 

4- 

1.80 

4.2  = 

— 

8.8 

77.44 

5.29 

9.66 

— 

3.4  = 

— 

4.2 

17.64 

0.16 

^^ 

1.36 

4- 

1.0  — 

— 

0.2 

0.04 

0.36 

4- 

0.60 

4- 

0.7  = 

— 

0.3 

0.09 

0.25 

4- 

0.35 

4- 

12.9  = 

4- 

6.4 

40.96 

10.24 

4- 

41.28 

4- 

16.2  = 

4- 

6.3 

39.69 

24.(1 

4- 

79.;« 

4- 

5.6  = 

2.9 

8.41 

17.64 

4- 

2:r5a 

4- 

10.2  = 

4- 

7.8 

60.84 

1.44 

4- 

12.24 

1.3  = 

3.7 

13.69 

1.44 

1.56 

4- 

5.7  = 

— 

1.2 

1.44 

11.56 

4- 

19.38 

4- 

9.fi  — 

4- 

1.5 

2.25 

16.00 

4- 

38.40 

4- 

4.5  = 

4- 

2.5 

6.25 

1.00 

4- 

4.50 

3.7  — 

5.3 

28.09 

0.64 

2.96 

4- 

0.8  — 

— 

1.8 

3.24 

1.69 

4- 

1.04 

4- 

9.8  = 

4- 

8.2 

67.24 

0.64 

4- 

7.84 

4- 

1.5  = 

0.5 

0.25 

1.00 

4- 

1.50 

4- 

2.0  — 

4- 

0.2 

.     0.04 

0.81 

4- 

1.80 

4- 

5.7  — 

1.2 

1.44 

11.56 

4- 

19.38 

4- 

6.5  = 

4- 

4.7 

22.09 

0.81 

4- 

5.86 

2.7  = 

4.5 

20.25 

0.81 

2.43 

4- 

2.6  - 

— 

0.6 

0.36 

2.56 

4- 

4.16 

4- 

7.8  = 

4- 

3.2 

10.24 

5.29 

4- 

17.94 

4- 

3.1  = 

0.9 

0.81 

4.00 

4- 

6.20 

4- 

7.1  = 

— 

3.8 

14.44 

29.16 

4- 

38.34 

4- 

6.5  = 

4- 

2.9 

8.41 

3.24 

4- 

11.70 

7.3  = 

9.3 

86.49 

1.00 

7.30 

4- 

7.4  = 

4- 

5.6 

31.36 

0.81 

4- 

6.66 

4- 

6.5  = 

4- 

4.1 

16.81 

1.44 

4- 

7.80 

4- 

11.2  = 

4- 

6.H 

46.24 

4.84 

4- 

24.64 

4- 

9.5  = 

4- 

3.8 

14.44 

7.84 

4- 

26.60 

4- 

0.6  = 

5.7 

32.49 

9.61 

4- 

1.86 

1.7  = 

— . 

6.4 

40.96 

5.29 

3.91 

4- 

6.5  = 

4- 

4.5 

20.25 

1.00 

4- 

6.50 

4- 

5.3  — 

1.0 

1.00 

9.61 

4- 

16.43 

2.0  = 

— 

4.0 

16.00 

1.00 

2.00 

— 

1.1  — 

— 

2.3 

5.29 

0.-36 

— 

0.66 

4- 

40  = 

4- 

2.0 

4.00 

1.00 

4- 

4.00 

4- 

5.0  = 

4- 

0.2 

0.04 

5.76 

4- 

12.00 

4- 

2.7  = 

1.5 

2.25 

4.41 

4- 

5.67 

4- 

5.4  = 

4- 

4.0 

16.(K) 

0.49 

4- 

3.78 

7.9  = 

9.7 

94.09 

0.81 

7.11 

4- 

10.9  — 

4- 

7.1 

50.41 

3.61 

4- 

20.71 

4- 

6.5  = 

4- 

1.2 

1.44 

6.76 

4- 

16.90 

5.5  = 

11.2 

125.44 

7.84 

15.40 

4- 

2.7  = 

— 

1.5 

2.2^ 

4.41 

4- 

5.67 

4.1  = 

— 

7.5 

56.25 

2.89 

6.97 

4- 

6.8  = 

+ 

2.6 

6.76 

4.41 

4- 

14.2R 

2.4  = 

6.0 

36.00 

3.24 

4.32 

4- 

3.0  = 

+ 

1.4 

1.96 

0.64 

4- 

2.40 

4-. 

1.3  = 

0.7 

0.49 

1.00 

4- 

1.30 

4- 

0.7  = 

— 

2.3 

6.29 

2.25 

4- 

lOS 

4- 

5.3  = 

4- 

0.9 

0.81 

4.84 

4- 

11.66 

4- 

5.6  = 

4- 

1.6 

2.56 

4.00 

4- 

11.90 
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Determination  of  difference  of  personal  erorra  ofAasifiante  Paige  and  Frost,  ^c — Continaed* 

No.  of  line.                      Kx' —  (P  —  F)  =         v  w                K«    —    (P  — F) 

68' 0.8           +7.0  =  4-5.4  29.16               0.64      -f      5.60 

69-. 1.1            -f  2.7  =  -h  0.5  0.25                1.21      -f      2.97 

60' 1.0            4-3.4  =  4-1.4  1.96               1.00      +      3.40 

61' 2.0            4-15.8  =  4-11.8  139.24               4.00      4-    31.60 

62 3.3            4-  2.1  =  — 4.6  21.16              10.89      4-      6.93 

63 1.0            4-5.5  =  4-3.5  12.25                1.00      4-      5.50 

64 1.8            4-  3.0  =-  0.6  0.36               3.24      +      5.40 

^  3459.59      4-  524.20      4-1060.34 

Normal  equation : 

-I-524.20X' 4- 1060.34  =  0  «'= -2.02««» 
Prob.  error  of  a  single  observation : 

ro=  ±0.6745  J'-^^-  =  ±  3.64» 
Prob.  error  of  x' : 

r.'  =  ±  -7^  =  zt  -/r!;v ^;.  =  it  0. 16«»™  Of'  =  —  2.02=»=»  ±  0. 16' 


Determination  of  difference  of  personal  errors  of  Messrs.  Paige  and  Sankee, 

No.ofline.  Kx'  — (P  — S)   =         t>  w  K«  — K(P— S 

13' 0.8  —  3.0  =  —  7.9  62.41  0.64  —  2.40 

20' 1.8  -f-15.7  =  -f-  4.7  22.09  3.24  4-  28.26 

21' 1.9  -f-11.9  =  4-  0.3  0.09  3.61  -f-  22.61 

22' 0.8  -f-  1.6  =  —  3.3  10.89  0.64  4-  1.28 

95.48  8.13      4-    49.75 

Normal  equation : 

8.13X'  4-  49.75  =  0  x'  =  —  6. 12«»"» 

Prob.  error  of  a  single  observation : 

fo  =  zt  .6745  J^'^-  =  it  3.80"^ 
Prob.  error  of  x' : 

r  *i  RO 

rj  =  -r^  =  iz  -T=  =  it  1.33«»  x'  =  -  6.12»»  ±  1.33« 

Vp^     ^V8.13      ^ 
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Determination  of  personal  error  of  Assistant  Johnson  from  results  of  from  Prentiss  hveU 

to  GreeniHlle, 


No.  of 
line. 

2Kx- 

-(n- 

-8)-v' 

v'v' 

4K2  — 2K(n- 

-s)  V 

w 

w 
2K 

1.... 

5.3x' 

+ 

4.1 

-  +  0.8 

0.64 

28.09  +  21.73 

+  2.7 

7.29 

1.38 

2.... 

6.9 

-f- 

6.3 

—   f  2.0 

4.00 

47.61  +  43.47 

+  4.5 

20.25 

2.93 

3-... 

2.9 

3.8 

^  —  5.6 

31.:^ 

8.41  —  11.02 

—  4.6 

21.16 

7.30 

4.... 

2.2 

— 

0.3 

—  —  1.7 

2.89 

4  84  —     0.(56 

-  0.9 

0.81 

0.37 

5.... 

2.0 

— 

0.7 

=  —  1.9 

3.61 

4.00  —     1.40 

—  1.2 

1.44 

t   0.72 

6.... 

2.4 

-f 

4.1 

-  +  2.6 

6.76 

5.76  +     9.84 

+  3.5 

12.25 

"S   5.10 

7... 

1.0 

1.9 

-  —  2.5 

6.25 

1.00  —     1.9<^ 

—  2.2 

4.84 

P,  4.84 

8.... 

6.9 

+ 

5.3 

-  +  1.0 

1.0f» 

47.61  +  :W.57 

+  3.5 

12.25 

i  1.77 

9.... 

5.2 

+14.2 

=  +11.0 

121.00 

27.04  +  73.84 

+  12.8 

163.84 

^31.51 

10.... 

1.0 

-f 

1.0 

=  +  0.4 

0.16 

1.00  +     1.00 

+  0.7 

0.49 

c    0.41^ 

11.-.. 

9.1 

+ 

0.3 

—  —  5.3 

2^;^.  09 

82.81  +     2.73 

—  2.7 

7.29 

0    0,S» 

12.... 

3.7 

3.9 

—  —  6.2 

;w.44 

13.69  —  14.43 

—  4.9 

24.01 

'g    6.4^ 

13.... 

5.3 

+  10.4 

+  7.1 

50.41 

28.09  +  55.12 

+  9.0 

81.00 

t  15.2» 

14.... 

4.2 

+ 

0.3 

—        2.9 

8.41 

17.64           1.26 

—  1.4 

1.96 

E,  OAT 

15.... 

5.2 

+ 

2.7 

=  —  0.5 

0.25 

27.04  +  14.04 

+  1.4 

1.96 

z  o.:i^ 

16.... 

6.8 

+ 

3.4 

—  —  0.8 

0.64 

46  24  +  2:112 

+  1.6 

2.56 

17... 

1.8 

+ 

0.4 

=  —  0.7 

0.49 

:^.24  +     0.72 

—  0.1 

0.01 

^    0.(H> 

18.... 

0.5 

+ 

1.8 

—  +  1.5 

2.25 

0.25  +     0.90 

+  1.7 

2.89 

0    5.7» 
^    0.27 

19.... 

3.7 

+ 

2.0 

-        0.3 

0.09 

13.69  H-     7.40 

+  1.0 

1.00 

20.... 

1.0 

1.5 

—        2.1 

4.41 

1.00           1  50 

1.8 

3.24 

3.24 

21.... 

8.2 

+ 

6.2 

-  +  1.1 

1.21 

67.24  +  50.84 

+  4.1 

16.81 

2.0s 

22... 

3.1 
3.7x" 

+ 

3.0 
4.9 

=  —  4.9 

v" 
~  +  6.2 

24.01 

9.61           9.30 

—  3.8 
+  3.9 

14.44 

4.6^ 

3,36.37 

485.90  +299.  H5 

401.79 

96.21 

23... 

38.44 

13.69  +  18.13 

15.21 

4.11 

24... 

T).5 

1.0 

=   -  O.H 

o.r»4 

0.25  —     0..mO 

—  1.1 

1.21 

2.42 

25.... 

5.5 

+ 

0.7 

—  +  2  6 

6.76 

30.25  +     3.8."> 

0.7 

0.49 

X    ^^-^^ 

26.... 

7.1 

.5.0 

—        2.5 

6.25 

50.41         :i5.50 

—  6.8 

46.24 

j^    6.51 
3    0.21 

27... 

8.2 

+  3.4 

h  6.3 

39.69 

67.24  +  27.8^ 

+  1.3 

1.69 

28.... 

1.6 

— 

0.2 

—   4-  0.4 

0.16 

2..56  —    0.32 

0.6 

0.36 

«    0.22 

29.... 

3.3 

~— 

4.4 

-    —  3.2 

10.24 

10.89  —  14.52 

—  5.3 

28.09 

§    8.51 

30.... 

3.5 

+ 

l.G 

—  +  2.8 

7.84 

12.25  +     5.60 

+  0.7 

0.49 

-    0.J4 

31.... 

2.9 

1.0 

—         0.0 

0.00 

8.41  —    2.90 

—  1.8 

3.24 

^    1.12 
c    0.56 

32  ... 

4.0 

+ 

2.5 

-  +  3.9 

15.21 

16.00  +  10.00 

+  1.5 

2.25 

33.... 

2.3 

0.4 

-  +  0.4 

0.16 

5.29  —     0.92 

—  1.0 

1.00 

H:  0.43 

34.... 

6.9 

— ] 

11.8 

-  —  9.4 

8<s.:^G 

47.61  —  81.42 

13.6 

I84.9(i 

^26.'«0 

35.... 

3.8 

— 

5.0 

-  —  3.7 

13.(>9 

14.44  —  19.00 

6.0 

36.00 

X   9.47 

36.... 

1.7 

— — 

4.0 

—  —  3.4 

11..56 

2.89  —     6.80 

—  4.4 

19.  :U) 

'311.39 

37.... 

1.2      — 
nal  eqnat 

1.3 

ions 

-  —  0.9 

• 
• 

0.81 

1.44           1.56 

—  1.6 

2.56 

W   2.13 

239.81 

283.62        97.98 

744.94 

74.11 

Non 

+  485.90J;'  +  299.&5  : 

-0 

TTiin 

+  283.62x"- 

1 

-  97.98  = 

mm 

0 

x^  = 

Ullll 

-0.62 

x"  —  +  0.35 

Prot 

>.  error  of 

a  sinj^jlc  obsorvat 

ion  : 

raVn 


rp'  =  ±  0.6745^'^'^-'^^  =  +  2.70 
Prob.  error  of  unknown  quantity  : 


'±^^  =  -j-  2.79 


Vp.' 


2.70 
a/485.90 


mm 


••.'=.,!f'=±./.:-':i.= ±0.158 


// 


2.79 


mm 


''"=y^.-±>/.ii^2=±°" 


mm 


mm 


mm 


mm 


x'  =  —  0.62  ±  0.12 


a^'  =  + 0.35 -1-0.17 


mm 


Supposing  no  ohange  in  unknown  quantity,  we  have  the  normal  equation  : 

+  769.52  x+ 205.87  =  0 

mm  _ 

744^  =  J-  3.07  r.  =  ±^j,;  =  =t  a/76a52  =  ±  ^^-^^ 

36 

mm  mm 

«  =  — 0.26^0.11 


jc  ==  —  0.26 
To  3.07 
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IkUrminaUon  of  relative  pei'sonal  equation  of  Aasitttanta  Johnson  and  Ferguson  from  the 

multi  of  that  portion  of  the  line  from  Keokuk,  Iowa,  to  Grafton f  III.,  lying  bettceen 
temporary  htnch-marks  65  and  151. 

B.M.                                              Kj-'  (J— F)              V  vv  K*  K(J--F) 

66 '2.4jr'  —  0.2  =  —  0.7  0.49  5.70  —  0.48 

67 2.8  -f  2.2  =  +  0.5  0.25  7.b4  -f-  6.16 

6^ 0.8  -f  2.8  =  -f-  2.:^  5.29  0.64  -f  2.24 

70 2.6  -f  6.9  =  4-5.3  28.09  6.76  -f  17.94 

73 3.3  +  1.9  =  —  0.1  0.01  10.89  -f  6.27 

75 4.2  —  2.0  =  —  4.6  21.16  17. ♦i4  —  8.40 

78 2.5  -f  1.7  =  4-0.2  0.04  6.25  4-  4.25 

79 1.2  4-  1.5  =  4-0.8  0.64  1.44  4-  1.80 

23 2.0  4-  3.5  =  4-2.3  5.29  4.00  4-  7.00 

JM 1.4  4-  1.8  =  4-0.9  0.81  l.m  4-  2.52 

82 2.3  —  0.5  =  —  1,9  3.61  5.29  —  1.15 

^) 2.6  4-  3.2  =  4-1.6  2.56  6.76  4-  8.:ftJ 

25 1.4  4-  1.7  =  4-0.8  0.64  1.96  4-  2.:i8 

^ 1.1  —  0.7  =  —  1.4  LP6  1.21  —  0.77 

«8 : 1.2  -f-  4.9  =  -f-  4.2  17.64  1.44  4-  5.88 

89 1.8  -f-  3.2  =  4-2.1  4.41  3.24  4-  5.76 

91 1.6  4-  2.1  =  4-1.1  1.21  2.56  -f-  3.:^ 

92 1.3  4-  3.6  =  -f  2.8  7.84  1.69  4-  4.68 

94 0.9  -f-  1.4  =  4-0.8  0.64  0.81  -f-  1.26 

95 1.0  —  0.2  =  —  0.8  0.64  1.00  —  0.20 

97 2.0  —  1.7  =  — 2.9  8.41  4.00  —  3.40 

99 2.4  0.0  =  —  1.5  2.25  5.76  0.00 

101 2.6  4-  4.8  =  -f-  3.2  10.24  6.76  4-  12.48- 

102 2.0  4-  1.7  =  4-0.5  0.25  4.00  4-  3.40 

31 1.4  4-  0.7  =  —  0.2  0.04  1.96  4-  0.98 

104 1.0  4-  1.7  =  4-1.1  1.21  1.00  4-  1.70 

106 3.4  —  4.2  =  —  6.3  39.69  11.56  —  14.28 

-K 0.3  4-  2.7  =  -f-  2.5  6.25  0.09  4-  0.81 

lOe 1.7  4-  0.2  =  —  0.8  0.64  2.89  -f-  0.34 

109 1.3  4-  3.8  =  -f-  3.0  9.00  1.69  4-  4.94 

» 1.3  4-  0.6  =  — 0.2  0.04  1.69  4-  0.78 

111 •. 1.4  -f-  0.1  =  — 0.8  0.64  1.96  4-  0.14 

m 3.0  —  2.5  =  —  4.4  19.36  9.00  —  7.50 

114 1.2  4-  3.4  =  -f-  2.7  7.29  1.44  4-  4.08 

115 1.0  4-  2.1  =  4-1.5  2-25  1.00  4-  2.10 

116 1.1  —  3.6  =  —  4.3  18.49  1.21  —  3.96 

35 2.8  4-  4.7  =  4-3.0  9.00  7.84  -f-  13.16 

119 1.0  4-  1.3=4-0.7  0.49  1.00.  -f-  1.30 

36 1.4  —  2.4  =  — 3.3  10.89  1.96  —  3.36 

123 3.3  4-  2.2  =  4-0.2  0.04  10.89  4-  7.26 

124 1.0  4-  3.6  =  -f-  3.0  9.00  1.00  4-  3.t»0 

'S7 0.7  —  1.9  =  —  2.3  5.29  0.49  —  1.33 

125 1.4  4.  5.1  =  4-4.2  17.64  1.96  4-  7.14 

126 0.7  —  1.0  =  —  1.4  1.96  0.49  —  0.70 

127 2.0  4-  1.2=         0.0  0.00  4.00  4-  2.40 

128 0.8  4-  0.4  =  —  O.l  0.01  0.64  4.  0.32 

129 1.4  —  0.3  =  —  1.2  1.44  1.96  —  0.42 

38 1.4  —  0.8  =  —  1.7  2.89  1.9(3  —  1.12 

1.30 1.5  -f-  4.4  =  4-3.5  12.25  2.25  4-  6.60 

131 1.0  4-  2.6  =  4-2.0  4.00  1.00  4-  2.60 

132 2.1  —  0.7  =  — 2.0  4.00  4.41  —  1.47 

40 0.5  4-  2.3  =  4-2.0  4.00  0.25  4-  1.15 

133 1.4  —  1  8  =  —  2.7  7.29  1.96  —  2..52 

135 3.0  -f  2.9  =  4-1.0  1.00  9.00  4-  8.70 

1.36 1.0  -f-  4  0  =  4-3.4  11.56  1.00  4-  4.00 

137 0.8  -I-  0.2  =  —  0.3  0.09  0.64  4-  0.16 

1:^ 0.9  -f-  2.3  =  4-1.7  2.89  0.81  4-  2.07 

l;J9 1.6  —  2.4  =  —  3.4  11.56  2.56  —  3.84 

140 0.7  -f-  2.5  =  4-2.1  4.41  0.49  -f  1.75 

141 1.6  4-  4.7  =  4-3.7  13.69  2.56  4-  7.52 

14li 0.9  4-  3.0=4-2.4  5.76  0.81  4-  2.70 

143 2.1  -f  3.3  =  4-2.0  4.00  4.41  -f-  6.93 

145 2.5  4-  1.0  =  —  0.6  0.36  6.25  4-  2.50 

146 0.5  -f  0.3=         0.0  0.00  0.25  4-  0.15 

148 2.1  4-  0.1  =  —  1.4  1.9<3  4.41  —  0.21 

150 2.5  4-  1.3  =  —  0.2  0.04  6.25  4-  3.25 

151 0.3  4.  0.6  =  4-0.4  0.16  0.09  -f-  0.18 


■^" 


376.94  4-  228.74   +  U\,^ 
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Normal  eqaation : 

228.74x'-f  141.90=0 


0^  =— 0.62 


1376.94  »» 

^^''*'^J   66    =±1.61 


1.61 

r,  =  J:  V/  228.74  —  =t^-^^ 

»'=— 0.62^0.11 


JHsorepandeB  heiween  north  and  south  lines  of  levels  between  Keokuk,  lowa^  and  Fulton,  IlLf 

by  Assistants  J.  B,  Johnson  and  0.  W,  Ferguson, 


O.  W.  FergasoD,  ob»enrer. 


No.  of 

T\3  dh^teh  MK   ^^ 

bench-mark. 

DiSUIDC* 

1* 

1.7 

6* 

L6 

«♦ 

1.2 

9 

1.7 

10 

1.6 

12 

0.8 

13 

1.6 

17 

0.9 

D.  S.     4 

1.1 

U.  8.     5 

0.9 

U.  8.     6 

L4 

22 

1.7 

23 

1.6 

24 

1.7 

26 

0.8 

27 

1.6 

28 

1.4 

32 

0.9 

33 

0.8 

34 

1.4 

U.  8.    10 

1.5 

37 

1.2 

40 

1.3 

41 

1.5 

44 

1.6 

45 

1.7 

46 

1.4 

49 

1.3 

U.  8.    15 

0.4 

60 

1.3 

55 

L2 

66 

1.4 

66  A 

1.9 

59 

1.3 

60 

1.2 

6t 

L2 

62 

1.6 

63 

0.8 

67» 

1.7 

68 

0.6 

72 

1.3 

73 

2.5 

78 

L3 

79 

1.1 

80 

0.4 

81 

0.5 

82 

1.5 

83 

1.2 

89 

3.4 

U.  8.   22 

0.3 

92 

0.1 

93* 

Ll 

94* 

0.9 

98 

1.9 

99 

1.2 

102 

0.6 

103 

0.1 

107 

1.0 

106 

L6 

109 

Ll 

Piii«. 


-  1  1 
-1-0.6 
+  0.1 

-  1.3 
4-  L9 
-0.8 
+  0.6 
4-  0.1 
4-0.6 

-  L5 
-f  2.7 
-0.9 
-I-  2.8 
-1.4 
-1-0  5 
-3.9 

-  0.1 
-3.7 
-1.6 
4-  0.2 
4-  4.3 
-3.6 

-  1.0 
+  3.3 
+  3.5 
-1.0 

-  Ll 

1  2 
1.2 

2  1 
3.3 
2.7 
0.6 

-  2.3 

-  L3 

-  2.1 
-3.0 
+  2.0 
+10.0 


Foot- 
pUfeeH. 


I 


+ 


0.1 
L3 
0.3 
2.8 
0.8 
L8 

+  1.1 
-  2.2 
-0.7 

+  «.! 


-  8.9 
+  4.3 


t 


X 


8.3 
2.2 
0.3 
3.7 
L3 
LO 
0.7 
L3 
3.3 
0.4 
0.6 
0.6 

6.6 
0.6 


< 

J.  B.  Johnaon 

,  observer. 

• 

n-s 

No.  of 
1  boDcb-mark. 

DiBtance. 

Pins. 
+  2.7 

Foot- 
plates. 

2* 

1.4 

+  2.7 

U.  S.     1* 

0.6 

-  2.6 

-  0.4 

8* 

2.4 

-  0.2 

-  4.4 

7 

L7 

-  2.9 

8 

L2 

-  0.2 

U.  8.     a 

0.4 

-  3.5 

11 

2.2 

-  5.0 

14 

1.6 

-  2.9 

15 

L4 

+  0.8 

16 

1.6 

-  3.3 

18 

1.5 

+  2.8 

19 

L5 

-  3.7 

20 

1.7 

-  1.2 

29* 

1.6 

-  3.9 

-  0.9 

30* 

0.6 

-  0.3 

-  0.8 

31* 

0.2 

+  0.7 

-•0.2 

35* 

1.6 

-  3.1 

+  1.3 

1                36* 

L6 

+  5.6 

-  2.6 

1                38* 

0.8 

-  4.5 

-  1.8 

1                39* 

0.8 

-  .S.S 

-  2.8 

42- 

L5 

-  5.8 

-  2.3 

i                4:1* 

11 

+  3.2 

+  0.6 

i    U.  S.    13* 

+  2.0 

+  0.8 

ll                474 

1.  1 

+  3.2 

48 

0.5 

-  0.4 

'                51 

0.9 

+  1.1 

52 

0.8 

-  1  9 

1                 53 

0.9 

+  22 

\                 54 

1.4 

+  5.3 

i                 56   B 

0.8 

+  L5 

57 

0  5 

--  L5 

58» 

LO 

+  4.1 

-  Ll 

64 

0.7 

+  0.1 

65 

1.0 

-  L8 

66 

Ll 

-  0.8 

69 

L2 

+  !•» 

70 

L4 

3  0.8 

71 

Ll 

+  0.9 
--5.4 

74 

Ll 

76 

L3 

-  0.8 

76 

0.8 

+  0.6 
-J-  0.9 

77 

L3 

84 

L5 

-  4.3 

85 

L3 

-  2.6 

86 

L3 

-  L2 

87 

Ll 

-3.7 

88 

LO 

-  2.5 

90 

0.2 

-  L8 

95* 

L2 

-  8.4 

-  4.8 

96 

LO 

-  L2 

97 

0.9 

+  L7 

100 

L8 

+  1.1 

101 

0.8 

-  1.8 

104 

0.2 

+  0.4 

106 

L6 

-  4.5 

107 

LO 

-  6.0 

110 

L7 

-| 

1-4.0 

111 

L6 

- 

-LO 

1             117 

L4 

. 

h  2.2 

<             IIB 

a9 

- 

-  8.8 

1 
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DisorepancUM  Mween  north  and  south  Unw  of  levels  ^o, — Continaed. 


0.  w 

'.  Ferj^nooD,  observer. 

J.  B.  Johnson,  observer. 

^    J 

»— f 

No.  of 
b«nch-nmrk. 

DisUoce 

No.  of 
benoh-mark. 

Distance. 

Pins. 

Foot- 
plates. 

Pins. 

foot- 
plates. 

112 

0.7 

+  8.6 

119 

L8 

+  0.9 

113 

0.7 

-  0.2 

124 

a6 

-  0.4 

114 

0.8 

. 

U2.9 

126 

LO 

-  2.2 

115 

1.0 

. 

-2.6 

126 

0.9 

-  2.2 

116 

0.5 

- 

-  LI 

127 

0.6 

h  1-1 

120 

17 

- 

-L3 

128 

2.2 

-2.6 

121 

0.6 

-  2.0 

132 

L8 

-  L2 

122 

1.2 

-  8.3 

133 

L8 

-  3.6 

123 

1.3 

-  0.1 

187 

L8 

-L3 

129 

1.0 

+  3.2 
+  0.6 

138 

L2 

—  0.6 

XT.  &   29 

0.8 

139 

L6 

-  0.6 

130 

LI 

-  0.5 

U.  8.   34 

0.7 

-  LO 

131 

1.6 

-  6.1 

142 

0.7 

+  0.6 

134 

1.5 

-  3.1 

143 

L2 

-2.6 

XT.  S.  31 

LI 

-  0.6 

36A 

0.9 

-  0.8 

135 

LO 

+  L6 

147 

0.6 

-  L4 

136 

0.5 

+  2.5 

148 

0.7 

-  2.9 

140 

L4 

+  L6 

161 

0.6 

-  0.7 

141 

LI 

-2.4 

152 

L4 

+  1.8 

144 

LI 

-  2.6 

166 

LO 

-  L6 

145 

a7 

-  0.1 

167 

0.6 

-  2.1 

146 

LI 

1-8.5 

161 

L4 

+  8.6 

149 

0.7 

-0.4 

162 

LI 

--4.4 

LM) 

L3 

-0.1 

163 

LO 

+  4.6 

153 

0.3 

-0.2 

168 

L6 

-  0.8 

154 

0.5 

-  2.9 

170 

LI 

+  0.3 

155 

0.6 

-  0.3 

173 

0.7 

--  LO 

158 

1.0 

-  2.6 

175 

L8 

+  2.6 

159 

0.6 

• 

_  LI 

179 

LI 

-  3.2 

160 

0.2 

-  2.0 

180 

LI 

+  8.9 

164 

L2 

_  2.6 

181 

LO 

4-0.1 
4-L4 

165 

L2 

U0.4 

182 

LO 

166 

L3 

-3.2 

186 

0.8 

-  0.3 

171 

L4 

-  L6 

187 

L2 

+  0.6 

172 

0.8 

-0.5 

188 

0.7 

-1-2.0 

176 

2.0 

i  0.1 

191 

L3 

+  4.7 

177 

0.9 

-  3.7 

192 

1.9 

4-2.1 

178 

0.8 

-  0.7 

194 

0.9 

+  2.8 

183 

0.9 

H 

1-0.5 

-  3.0 

195 

L4 

-  0.1 

184 

L3 

H 

-  3.7 

-  4.9 

199 

L3 

+  0.5 
-J- 0.9 

189 

0.9 

-  L9 

200 

L2 

190 

L2 

_ 

-4.2 

201 

0.8 

-  L3 

192  A 

2.1 

-  L8 

202 

2.0 

+  3.2 

193 

0.7 

-  L5 

203 

LO 

-  0.4 

196 

2.9 

-  3.2 

207 

L4 

-3.7 

197 

L4 

+  4.5 
+  4.2 

+  0.2 

208 

L4 

-  LO 

198 

L6 

63A 

2.0 

-  L3 

204 

LO 

-  2.6 

212 

LO 

-  3.5 

205 

0  8 

+  LO 

213 

LO 

+  3.6 

206 

2.0 

-  LI 

209 

2.3 

+  0.8 

210 

LO 

-  L3 

211 



0.7 

-  L6 

Positive  disorepancies 
Vegative  dlaerepaooies 


discrepancies 


-I- 

83.2 
63.8 

+  85.8 
-  61.1 

-1- 

19.4 

-  16.8 

-f  i.1 

41 
84 

23 
S8 

L96 

L89 

+ 

«0.9 
76.2 

+ 

71.0 
66.6 

- 

16.8 

+ 

14.6 

- 

0.8 

81 
28 

82 
82 

2.28 

fl%.  IK. 
L99 
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Di$crepanoie$  between  north  and  south  lines  leveled  by  AsHstant  Paige  between  Columbus  and 

Memphis  and  Friar's  Point  and  J*rentis8. 


No.  of  Una 

[*K1 

f«-n) 

No.  of  line. 

[2KJ 

1 

k.  vn.           tit.  m.      1 

jfc.  m. 

3 

0.8           H 

h    5.4     . 

1         *3 

69.9 

4 

2.9    ;    - 

-    818 

1          hO 

74.4 

9 

4.3 

-    2.4 

75.7 

12 

6.1 

-     7.9 

51 

80.9 

13 

7.0 

-     7.2 

66 

88.8 

14 

9.8      i       -  11.8 

68 

90.7 

15 

15.6 

-  25.6 

82 

92.8 

16 

17.3 

-  40.6 

83 

95.1 

17 

18.1 

-  37.4 

84 

97.0 

19 

22.6 

-  58.9 

85 

9&3 

20 

31.4 

-  71.2 

86 

104.1 

21 

33.6 

-  75.  5    , 

94 

105.5 

22 

39.7       !       -  80.7 

95 

109.4 

23 

42.7      1       -  87.3 

96 

112.8 

24 

44.8 

-  96.0    ! 

99 

115.6 

25 

48.3 

-102.8 

101 

n&i 

28 

49.6 

-104.7 

130 

118.8 

29 

51.8 

-122.6 

10' 

122.3 

30 

55.8 

-147.0 

ir 

124.6 

81 

61.7 

-161.6 

18' 

126.3 

32 

62. 3            -163. 4 

23' 

129.4 

35 

66.0            -166.7 

27' 

131.4 

41 

• 

67.4            -170.5 

1 
1 

36' 

133.4 

[«-n] 


-174. 8 
-180.4 
-180.8 
-177.7 
-185.7 
-190.4 
-193. 8 
-198.9 
-201.3 
-208.8 
-216. 6 
-226. 8 
-245.3 
-251.9 
-266.7 
-279.1 
-278.7 
-286.8 
-280.9 
-286.8 
-298.0 
-300.1 
-305.8 


Discrepancies  between  results  of  levels  by  Assistants  Paige  and  Frost  from  leveling  between 

Colun^bus  and  Memphis  and  Friar's  Point  and  Prentiss, 


[Kl 


26 

2.0 

27 

4.4 

33 

6.4 

34 

8.0 

37 

10.4 

38 

13.4 

39 

18.0 

40 

21.4 

41 

22.1 

42 

26.1 

43 

27.4 

45 

29.7 

48 

33.6 

49 

34.5 

52 

36.1 

53 

37.1 

54 

38.6 

55 

39.8 

56 

41.1 

57 

41.9 

59 

43.4 

60 

45.4 

61 

45.9 

62 

4H.3 

65 

48.8 

66 

62.7 

67 

54.1 

69 

56.  4 

70 

60.2 

71 

61.2 

72 

61.4 

73 

65.7 

74 

66.2 

75 

67.8 

97 

70.7 

98 

72  9 

09 

74.3 

100 

76.5 

101 

77.8 

102 

78.7 

103 

79.8 

104 

81.3 

105 

82.6 

106 

84.2 

107 

85.9 

108 

87.5 

109 

88.5 

[F-P] 


+ 

+ 

+ 

-f 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 


5.9 
22.2 
30.4 
28.4 
40.7 
55.8 
62.4 
66.1 
63.7 
54.6 
55.3 
49.9 
58.0 
56.8 
64.4 
66.9 
77.2 
84.8 
88.8 
96.3 
95.0 
99.1 
99.2 
-fl07.6 
+  103.  8 
4-121.4 
+  131.0 
+  123.5 
+  135.9 
+  143.9 
+  145.7 
+  150.3 
+  155.4 
+  165.6 
+ 160.  7 
+  162.1 
+  167.6 
+  171.0 
+  181.4 
+  186.6 
+  188.9 
+  189.3 
+  195.4 
+  200.8 
4  211.5 
+  209.3 
+  216.3 


No.  of 
line. 

[K] 

129 

108.3 

130 

ioa7 

131 

109.3 

132 

109.8 

133 

113.0 

134 

117.9 

135 

122.1 

136 

123.3 

137 

124.5 

138 

127.9 

146 

131.9 

147 

132.9 

148 

133.7 

149 

135.0 

150 

135.  8 

151 

136.8 

152 

137.7 

153 

141.1 

154 

142.0 

155 

142.9 

[F-P] 


156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
34' 
3't' 
36' 
37' 
38' 
39' 
40' 
41' 
42' 
44' 
45' 
46' 
47' 
48' 
49' 
.50' 
51' 


144.5 
146.8 
148.8 
154.2 
156.0 
157.0 
157.9 
159.1 
161.3 
164.1 
167.2 
169.  5 
170.5 
173.6 
174.6 
175.2 
170.2 
178.6 


180. 

181. 

182. 

184. 

186. 

189. 

191. 

193.4 

195.5 


7 
4 
3 
2 
8 
6 
7 


+273.7 
+270. 3 
+271.3 
+272. 0 
+284  9 
+  301.1 
+306.7 
+316.9 
+315. 6 
+321.3 
+330.  9 
+335. 4 
+  331.7 
+  332.6 
+  342.3 
+343.  8 
+  34.5.8 
+  351.5 

+35ao 

+  355.3 
+  357.9 
+  365.7 
+  368.8 
+  375.9 
+  382.4 
+375. 1 
+  382.5 
-f  389.  0 
4  400.  2 
+  409.7 
+  410.3 
+  408.6 
4  415.1 
+  420. 4 
+418.4 
4  417.3 
+421.3 
4  426. 3 
+4-'9.0 
+  434.4 
1 426.  5 
+  4.37.4 
+  443.9 
+  438.4 
+441.1 
+437.  0 
+443.8 
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LHscrepanci€8  between  results  of  heels  by  Assistants  Paige  and  Frosty  j'c, — Coutinaed. 


Xo.of 
Hue. 


IV    T>i       No.  of 
^^-^^        line. 


[K] 


110 

89.5 

117 

»1.4 

118 

02.3 

119 

92.8 

120 

94.2 

121 

97.0 

122 

97.9 

123 

100.1 

124 

101.3 

125 

102.8 

126 

103.8 

127 

104.8 

128 

lO&O 

+225.3 
+  220.8 
+  229.4 
+238.  5 
+244.2 
+  246.9 
+255. 2 
-f260.5 
+270.  7 
+  269.4 
+274.1 
+  276.4 
+277.9 


52' 
53' 
54' 
55^ 
66' 
57' 
58' 
59' 
60* 
61' 
62' 
63' 
64' 


197.  3 
198.1 
199.1 
200.6 
202.8 
204.8 
205.  6 
206.7 
207.7 
209.7 
213.0 
214.0 
215.  8 


[F-PI 


+  441.4 
+444.  4 
+  445.7 
+446.4 
+  451.7 
+  457.3 
+464.3 
+467.  0 
+  470.4 
+486.2 
+  488.3 
+  493.8 
+  496.8 


Discrepancies  between  north  and  south  lines  of  levels,  run  by  L,  L.  Wheeler,  between  Justin 

and  Friar's  Pointy  Miss. 


B.M. 


U.S.1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

U.S. 

13 


[K]         [t— tO  B.M. 


[KJ     I     (#-nl 


0.0 
1.6 
2.7 
3.6 
4.6 
5.9 
6.9 
7.9 

a7 

10.8 
12.5 
13.6 
15.6 
16.5 
19.7 


0.0 

2.8 

■  2.9 

5.8 

5.1 

9.3 

10.5 

9.4 

•9.4 

12.6 

12.8 

13.6 

17.1 

16.8 

17.6 


U.S. 
14 
15 
16 
17 
18 
19 
20 
21 
22 

U.S. 
23 
24 

U.S. 


21.0 
23.1 
23.7 
25.8 
27.8 
29.1 
31.1 
31.9 
34.4 
36.4 
36.9 
89.9 
42.2 
48.5 


4^16.8 
+-20.  8 
--17.0 
--15.  5 
--19.0 
--21.  2 

--ia5 

-19.4 
--23.2 
--23.0 
--23.6 
--32.3 
--34.0 
--36.6 


Precise  levels  from  Keokuk,  Iowa,  to  Orafton,  III, 
B.  M.  Distance.  S.— N.   [S.— N.]  ]  B.M.  {Distance.  S.— N.    [S.— N.) 


66 

67 

68 

70 

73  I 

75 

78 

79 

23 

24 

82 

85 

25 

87 

88 

89 

91 

92  1 

94  I 
*96  ! 

97  , 

99 
101 
102 

31 
104 
106 

32 
108 
109 

33 
111 
113 
114 


km. 
112.86 
115. 61 
116.38 
119.02 
122.29 
126. 51 
129.02 
130.  26 

132.  30 

133.  74 
136.00 
138.  r>9 
140.02 
141.07 
142.  20 
144.08 
145.68 
147.  02 
147.95 
148.93 
152.  75 
155. 15 
157.  80 
159.76 
161. 18 
162. 18 
165.62 
166.96 
167.64 
168.93 
170.24 
171.62 
174.56 
175.  74 


tn.  m. 
—0.2 
+2.2 

+  2.8 
+  6.9 
+  1.9 
—2.0 
+  1.7 
+  1.5 
+3. 

+  1 
—0. 
+  3. 

+  1 
—0. 
+4.9 
+  3.2 
-+2. 1 
+  3.6 
+  1.4 
—0. 
—1. 
0. 
■4  4. 
+  1. 
+0. 
+  1. 


5 
8 
5 
2 
7 
7 


I 


+2. 

+0. 

+3. 

+  0.6 

+  0.1 

-2.5 

+3.4 


m,  m. 
—  0.2 
+  2.0 
+  4.8 
+  11.7 
+  13.6 
+  11.6 
+  13.3 
+  14.8 
+  18.3 
+20.1 
+  19.6 
+  22.8 
+24.5 
+  23.8 
+28.7 
+  31.9 
+34.  0 
+  37.7 
+39.1 
+  38.9 
+37.2 
+  37.2 
+  42.0 
+43.7 
+  44.4 
+46.1 
+  41.9 
+44.6 
+  44.8 
+48.6 
+49.2 
+49.3 
+  46.8 
+  .50.2 


115 
116 

35 
119 

36 
123 
124 

37 
125 
126 
127 
128 
129 

38  i 
130 

131  , 

132  ' 
40 

133 
135 
136 
137 
138 
139 
140 
141 

14U 

143 

145 

146 

148 

1.50 

151 


km. 
176.76 
177.85 
180.63 
181.60 
182.96 
186.24 
187.26 
187.  92 
189.28 
189.  99 
191.  95 
192.72 
194.10 
195. 45 
196.95 
197.93 
200.00 
200.51 
201.87 
204.91 
205.  92 
206.74 
207. 62 
209.  24 
209.93 

211.  52 

212.  41 
214.  52 
217.  02 
217.  53 
219.  65 
222.15 
222.  48 


tn.  in. 
+2.1 
—3.6 

+4.7 
+  1.3 
—2.4 

■1-2.2 
+3.0 


9 
1 
0 


— 1 

+  5 

-1 

+  1.2 

+0.4 

—0.3 

—0.8 

+4.4 

+2.6 

-0.7 

+2.3 

-1.8 

+2.9 

+  4.0 

+0.2 

+  2.3 

—2.4 

+2.5 

+4.7 

+3.0 

+  3.3 

+1.0 

+0.3 

—0.1 

+  1.3 

+0.6 


m.  m. 
+52.3 
+48.7 
+  63.3 
+  54.6 
+  52.2 
+  54.4 
+  57.8 
+  65.9 
+  61.0 
+  66.0 
+  61.2 
+  61.6 
+61.3 
+60.6 
+  64.9 
+  67.5 
+66.8 
+  69.1 
+  67.3 
+70.2 
+  74.2 
+74.4 
+76.7 
+74.3 
+76.8 
+  81.5 
+  84.5 
-4  87.8 
+  88.8 
+  89.1 
+  89.2 
+  90.5 
+  91.1 


H.  Ex.  37- 


*  Between  95  and  97  there  is  a  river  cros-sing. 
-11 
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Diwrepanoiea  beiireen  north  and  south  lines  of  levels  run  fry  Assistant  Ftrgusan  between 
Grafton  and  Cairo.  The  lines  heyond  T,  B,  M,  240  are  not  used  because  method*  are 
changed. 


" 

■    ■ 

- 



— 

— 

t 

_ . 

B.H. 
20 

2(dis. 

S.— N. 
—6.5 

2  (sum 

Sum 

B.M. 

2  (dis- 

S.-N. 
—  4.9 

2  (sum    t     Sam 

tance). 
2.2 

distance). 

(S.-X.). 
—  6.5 

tance). 

distance).  (S.— N.). 

2.2 

191 

2.0 

3ai  '  —  42.6 

27 

2.0 

—0.7 

5.1 

—  7.2 

192 

1.2 

—  1.1 

39.3     -  43.7 

33 

1.7 

+6.3 

6.8 

—  0  9 

194 

2.5 

—  6.7 

41.  8     —  50. 4 

44 

3.6 

—4.5 

10.4 

—  5.4 

195 

2.5 

—  2.5 

44. 3     -  52. 9 

45 

1.7 

+  4.8 

12.1 

—  0.6 

196 

2.7 

—  9.2 

47.  0     -  62, 1 

85 

L7 

—3.3 

13.8 

—  3.9 

197 

1.8 

—  3.8 

48. 8     —  65.  9 

87 

2.3 

—1.9 

ltf.l 

—  5.8 

•.•08 

2.2 

+  0.3 

51. 0  1  —  65. 6 

167 

1.1 

—4.7 

17.2 

—10.5 

209 

2.4 

—  9.3 

53. 4  1  —  74. 9 

160 

3.0 

+0.1 

20.2 

—10.4 

217 

2.5 

-  5.  2 

55. 9  1  —  80. 1 

163 

3.1 

—3.4 

23.3 

—13.8 

218 

2.5 

—  9.4 

58. 4     —  89.  5 

28 

1.1 

—0.5 

24.4 

— U  3 

232 

4.7 

—  7.5 

63.1 

—  97.0 

40 

2.4 

—7.2 

26.8 

—21.6 

233 

0.8 

—  5.7 

63.9 

—102.7 

46 

1.1 

— 2.U 

27.9 

—23.5 

235 

4.0 

-20.2 

67.9 

—122.9 

31 

2.1 

—7.7 

30.0 

—31.2 

236 

2.1 

—13.2 

70.0 

—136.1 

51 

0.6 

+1.2 

30.6 

—30.0 

239 

1.8 

—11.4 

7L8 

— 147.5 

173 

0.7 

—1.5 

31.3 

—31.5 

240 

2.2 

—12. 8 

74.0 

—160.3 

34 

4.8 

-6.2 

36.1 

—37.7 

, 
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REPORTS  OF   CHIEFS  OF   PARTIKS,  UPON   FIELD  WORK   OF  TOPOGRAPHY  AND   HYDROG- 
RAPHY,  1882-^83. 

1.— Report  of  Assistant  Engineer  J.  A.  Ockerson,  Arkansas  City  to  Green- 
ville AND  Natchez  to  Bayou  Sara. 

Office  Mississippi  River  Commission, 

Saint  Louis f  Mo.^  September  15,  lt^3. 

Sir:  I  have  tlie  honor  to  sabmit  the  following;  report  on  the  field  operations  under 
my  direction  daring  the  season  of  1882  and  1883. 

In  accordance  with  your  instructions,  the  party  left  Saint  Louis  on  September  12, 
1882,  for  Arkansas  City,  arriving  at  the  latter  point  on  September  15.  The  quarter 
l>oat«  Mississippi  and  Louisiana  and  the  tug  Frolic,  which  were  assigned  to  the  party, 
arriv*'d  on  the  17th,  and  work  was  begun  at  once.  The  organization  of  the  party  was 
as  follows:  J.  A.  Ockerson,  chief  of  party;  topographers,  B.  H.  Colby,  N.  B.  Craig, 
J.  C.  Quiutus,  L.  C.  Jones,  F.  Felkel.  G.  M.  Anderson,  and  W.  Garvin ;  hydrograpbers, 
C.  W.  Clark  and  D.  S.  Flower;  levelers,  F.  B.  French  and  R.  C.  Hoyer;  draughtsman, 
Edwin  J.  Jolley.  E.  E.  Haskell  was  attached  to  the  party  until  October  19th,  when 
he  received  orders  to  report  for  duty  to  Assistant  L.  L.  Wheeler  at  Vicksburg.  F. 
Felkel  and  G.  M.  Anderson  joined  the  party  on  October  16,  and  W.  Garvin  on  October 
26.  R.  B.  Whit/eford,  who  started  out  with  the  party,  was  disabled,  and  was  or- 
dered to  Saint  Louis  on  September  29.  The  laboring  force  was  about  the  same  as  the 
previous  season. 

The  t'Opo^raphical  work  began  on  the  right  bank  at  Arkansas  City,  and  on  the  left 
bank  at  Oftutt's  Lauding,  where  the  work  of  last  season  ended. 

The  survey  was  completed  on  November  4  to  Barnes'  Lauding,  about  2  miles  above 
Greenville,  where  it  joins  the  work  of  Assistant  G.  Y.  Wisuer. 

On  the  completion  of  this  reach  the  party  was  ordered  to  Natchez  to  resume 
the  survey  and  continue  down  the  river.  The  party  left  Greenville  with  quarter- 
boats  in  tow  of  the  tug  Frolic  on  November  5,  and  arrived  at  Natchez  on  November  8. 

The  survey  was  completed  to  Bayou  Sara,  where  it  joined  the  work  of  Assistant 
C.  M.  Winchell,  on  February  19,  when  orders  were  received  to  disband  the  party 
and  return  to  Saint  Louis. 

The  stage  of  the  river  was  unusually  favorable  for  surveys  during  the  entire  season. 
At  the  beginning  of  the  work  there  were  many  places  which  were  impassable  from 
the  deposits  of  mud  left  by  the  previous  high  water,  and  in  such  oases  considerable 
detail  was  necessarily  omitted. 

From  the  l>eginning  of  the  season  till  the  middle  of  October  there  was  a  great  deal 
of  sickness  in  the  party.  At  one  time  one-third  of  the  entire  party  were  sick  with 
malarial  fevers.  Of  the  original  party,  twenty  were  discharged  before  October  25, 
on  account  of  sickness.  Judging  from  this  experience,  it  is  evident  that  it  is  not  safe 
to  take  the  field  prior  to  the  middle  of  October. 
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There  were  tbirty-three  days  of  rain  and  fog,  or  a  little  more  than  one-third  of  the 
entire  seASoo. 

The  progress  of  the  work  is  due  to  the  hearty  co-operation  of  my  assistants,  who 
are  deserving  of  credit  for  their  fidelity  and  energy. 

TERTIARY  TRIANGULATION. 

The  secondary  triangulation  was  not  carried  over  Spanish  Moss  Bend,  and  at  other 
pointosomany  stations  had  caved  into  the  river,  that  a  tertiary  system  became  ne- 
cessary over  the  entire  reach  above  Greenville.  Below  Natchez  the  tertiary  work 
hecame  necessary  because  the  data,  such  as  azimuths  and  lengths  of  triangle  sides, 
was  not  famished  to  the  part3\ 

The  tertiary  work  was  always  connected  with  the  secondary  stations  when  found, 
and  a  comparison  has  been  made  with  the  secondary  data  on  file  in  this  office.  The 
resolts  are  given  in  a  table  below.  The  tertiary  angles  were  measured  with  Wiird- 
emann,  No.  152,  reading  to  10  seconds,  and  Gambey,  No.  2,  reading  to  5  seconds. 

Angles  were  read  by  J.  A.  Ockerson  and  B.  H.  Colby. 

Comparison  of  tertiary  with  secondary  triangulation. 


Llnea  compared. 


WiUwood-Carter 

Wtzm-Obere 

Wilds-Allway 

lalnd-Polleii 

S-WBase-Rock  Hill 

LcAthemuio-Stainp  

SteTetLBon-DouglasA 

N.  W.  Baie-St  F.  church  spire. 


t 

Si 

fter 
angl 

Tertiary 

Secondary 

Ratio  of 

lengths. 

lengths. 

discrepancies. 

^ 

metert. 

meterg. 

34 

1389.67 

1389. 7 

1  in  46323 

10 

28ia4 

2819.5 

lin   2562 

18 

1938.6 

1939.0 

lln   4846 

38 

1518.6 

15ia  2 

lin   3796 

58 

3152.9 

3152. 6 

lin  10509 

88 

1547.2 

1547.3 

1  in  15472 

96 

2223.8 

2223.5 

lin   7412 

25 

1389.7 

1389.7 

Lengths  eqaal. 

The  following  method  was  used  in  reading  the  angles.  The  system  was  laid  out 
and  the  angles  generally  read  in  advance  of  the  topographers,  so  that  the  lengths 
of  sides  and  azimuths  could  be  used  to  check  the  stadia  work.  The  A  point  was 
marked  by  a  pole  about  2  inches  in  diameter,  and  bearing  a  red-and- white  flag  to  dis- 
tioguish  it  from  the  ordinary  sounding  flags.  A  strip  of  white  cloth  was  fastened 
aroQDd  the  pole  near  the  bottom,  to  which  the  pointings  were  made,  thus  obviating 
eiTors  from  swayiue  of  the  pole  in  the  wind,  or  from  its  being  out  of  plumb.  In 
observing,  the  theodolite  was  placed  on  an  ordinary  instrument  tripod  centered  over 
the  hole,  after  removing  the  pole.  The  angles  were  read  three  times  on  different 
P^rts  of  the  limb  to  check  errors  of  reading.  Most  of  them  were  measured  with  Gam- 
hey  No.  2.  No  attempt  was  made  to  confine  the  measuring  to  favorable  conditions  of 
atmosphere,  but  angles  were  read  whenever  the  target  could  be  seen  at  all. 

Flags  can  be  set  and  the  angles  read  over  a  reach  of  5  miles  a  day.  Considering 
the  time  spent  in  this  work,  the  results  shown  are  remarkably  good. 

In  view  of  the  desirability  of  having  frequent  checks  on  the  stadia  work,  particu- 
larly where  there  are  so  many  new  observers,  I  would  suggest  that  the  topographical 
parties  be  required  to  locate  points  at  intervals  of  not  more  than  a  mile,  by  means  of 
•  tertiary  system  of  triangulation.  This  system  should  begin  and  end  on  lines  of 
known  length,  so  that  it  can  be  checked. 

TOPOGRAPHY. 

The  general  scope  of  the  topographical  work  was  the  same  as  last  season,  a  descrip- 
tion of  which  is  given  in  Appendix  G,  Progress  Report  of  the  Mississippi  River  Com- 
mission, J88*2.  The  compass  was  used  in  running  lines  through  the  woods,  as  sug- 
?**ted  in  above  report.  This  method  was  found  to  be  qnite  satisfactory,  and  much 
more  rapid  than  the  transit  lines  used  in  former  work. 

Beyond  the  prescribed  topographical  limits  there  were  located  the  outlines  of  bluffs, 
^d  river  lakes  and  bayous,  and  the  Red  River  from  Cut-off  Bayou  to  the  Mississippi 
Kiver. 

HYDROGRAPHY. 

Many  more  soundings  were  taken  than  heretofore.  Besides  the  sections  normal  to 
the  channel,  soundings  were  taken  along  the  line  of  deepest  water.    The  latter  work 
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was  preferably  done  during  calm  weather,  when  the  8(>nndin^  boat  was  allowed  to 
drift  along  the  thread  of  the  current.  The  deepest  water  found  during  the  season  was 
156  feet,  the  stage  of  river  being  about  27  feet  below  the  high  water  of  lb82.  This 
depth  was  found  at  two  points,  one  near  New  Texas,  and  the  other  about  five  miles 
above  Bayou  Sara. 

OIIDINAKY   LEVELS. 

The  levels  were  based  on  the  primary  elevations  of  the  United  States  Coast  and 
Oeodetic  Survey.  Ve.ry  few  of  the  Coast  Survey  stone  lines  were  connected  with,  as 
the  stones  could  not  be  found.  Many  of  them  were  buried  below,  or  even  with  the 
surface  of  the  ground,  and  no  mark  was  left  above  the  surface  to  indicate  the  locality 
of  the  bench-mark. 

A  new  form  of  bench-mark  was  used  for  points  situated  in  the  woods,  some  distance 
from  the  river,  the  object  being  to  increase  the  stability  and  make  them  more  conspic- 
nous,  so  they  can  be  easily  foun^. 

This  bench-mark  consisted  of  a  flat  stone,  18  inches  square  and  4  inches  thick.  The 
upper  surface  was  dressed  smooth,  and  a  hole  was  drilled  in  the  center,  into  which 
a  cox)per  bolt  was  leaded,  the  end  projecting  a  quarter  of  an  inch  above  the  face  of 

the  stone.    The  stone  was  marked  thus     \         This  was  placed  three  feet  below  the 

B  M 
surface  of  the  ground,  with  the  marked  surface  up,  care  being  taken  to  have  it  hor- 
izontal and  firm.  On  this  stone,  and  centered  over  the  copper  bolt,  a  cast  iron  pipe, 
4  inches  in  diameter,  and  5  fet^t  long,  was  placed,  and  the  dirt  tamped  in  around  it. 
The  pipe  is  large  enough  to  admit  a  leveling  rod.  The  top  is  closed  with  a  cap,  which 
is  fastened  to  the  pipe  by  means  of  a  bolt. 
The  cap  is  marked  as  follows : 


The  elevation  of  both  the  top  of  the  pipe  and  the  stone  were  determined. 
The  amount  of  work  done  is  given  in  a  table  below. 

TOPOGRAPHY. 

Number  of  miles  of  river  surveyed  (above  Greenville,  36;  Natchez  to  Bayou 

Sara,  100) 136 

Average  miles  of  river  surveyed  per  month 27 

Number  of  square  miles  of  topography  (above  Greenville,  70^ ;  Natchez  to  Bayou 

Sara,  250) : .320.5 

Average  number  of  square  miles  per  month 64 

Number  of  elevations  determined 34293 

Average  number  of  elevations  per  square  mile Ill 

Number  of  triaugulation  stations  occupied 237 

Number  of  base  lines  measured  with  steel  tape 3 

Number  of  stone  bench-marks  set 143 

IIVDUOGRAPHY. 

Total  number  of  soundings 23,605 

Number  of  sextant  angles  read 15, 574 

Average  distance  between  sections 320™ 

Number  o>  square  miles  of  hydrography 75 

Total  number  of  square  miles  surveyed 395 

Plate  1  shows  the  portion  of  the  river  covered  by  the  survey. 

CAVING   BANKS. 

The  rate  of  caving  in  the  bends  between  Arkansas  City  and  Greenville  during  the 
years  1880  to  1882,  as  determined  by  comparing  the  present  position  of  the  shore 
line  with  its  position  when  the  triaugulation  was  done,  is  given  in  a  table  below. 
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There  being  no  reliable  data  for  determiniug  the  rate  of  caving  below  Natchez,  this 
reach  h&»  been  omitted. 


,  I  Animal 

Locality.  !  Character  of  banks.  I    rate  of 

:  ,   caving. 


I 


Meters. 

Yellow  Bend  2^  miles  below  Arkansas  City |  Clay  and  sand '  57 

Y^low  Bend  3i  miles  below  Arkansas  City j        do    14 

Yellow  Bend  opposite  Port  Anderson Ssud  and  silt 22 

Georgetown  Bend  ^  mile  below  0£futt's Clav  and  sand '69 

Georgetown  Bend  at  £atopia I do    j  39 

Georgetown  Bend  at  Asbbrook  Point J  Sand  and  silt 29 

B«wdy  Bend  }  of  a  mile  below  Gaines  Landing |  Clay  and  sand 35 

Rowdy  Bend  2  miles  below  Gaines  Landiili^ ; do 14 

Rowdy  Bend  at  Scutt's  Landing do 22 

Miller's  Bend  at  Morris  Landing do *. 40 

Miller's  Bend  at  Tarpley  place I do 28 


SAND  WAVES. 

A  minute  survey  was  made  of  a  sand  bar  near  Fairview,  La.,  for  the  purpose  of  show- 
ing the  sand  waves  which  are  characteristic  of  all  bars.  The  bar  selected  is  not  au 
extreme  case.  There  are  many  which  have  larger  and  higher  waves,  and  others 
which  are  comparatively  smooth.  In  the  latter  case  the  waves  have  the  appearance 
of  a  pond  whose  surface  is  ruffled  by  a  gentle  breeze. 

It  is  evident  that  these  waves  are  mainly  due  to  the  action  of  the  water,  as  they 
are  frequently  found  on  the  lower  part  of  bars  composed  of  silt,  which  is  not  movable 
by  the  wind.  The  particles  on  the  above  bar  are  about  the  size  of  common  building 
sand.  The  crests  of  the  waves  are  smooth  curves,  which  are  frequently  parallel  for 
several  waves  in  succession. 

The  bluff  part  of  the  wave  is  on  the  down-stream  side,  and  is  frequently  nearly 
vertical.    The  slope  on  the  up-stream  side  is  generally  very  gentle. 

A  plat  of  the  Fairview  Bar,  which  shows  the  waves  by  means  of  contours  one  foot 
apart, and  two  sections  of  the  bar,  is  appended  herewith.  A  model,  showing  the  bar 
in  relief,  has  also  been  prepared. 

LEVBRS. 
ARKANSAS   CITY  TO  GREENVILLE. 

Highthank, — From  Arkansas  City  down  f  mile  the  embankment  of  the  L.  R.  and 
M.  R.  R.  R.  serves  the  purpose  of  a  levee.  Here  the  railroad  turns  back,  and  the  em- 
bankment of  an  old  abandoned  railroad  continues  along  the  river  for  l^  miles,  when 
it  disappears.  One  and  a  half  miles  lower  down  it  again  appears  and  follows  along 
the  bank  of  what  was  at  one  time  the  chute  of  Island  80,  to  Gaines  Landing,  the  only 
break  being  a  small  one  through  which  Boggy  Bayou  passes.  At  this  break  the  levee 
ia  now  about  2  miles  from  the  river.  A  private  levee  incloses  the  plantation  at  Gaines 
Landing.  After  following  along  near  the  river  for  f  mile  below  Gaines  the  levee 
ends  abniptly  on  the  caving  bank  of  Rowdy  Bend.  This  break  is  about  3  miles  long, 
reaching  to  a  point  near  Scott  Landing.  Here  the  levee  divides,  and  one  portion  of 
it  runt)  south  about  half  way  across  the  point,  then  turns  west  and  runs  to  Yellow 
B*you,  forming  a  back  levee  for  the  plantations  fronting  on  Spanish  Moss  Bend,  and 
tomingthe  water  which  overflows  the  banks  in  Rowdy  Bend  into  Bayou  Ma^on. 

The  other  part  of  the  levee  follows  along  near  the  river  down  to  the'chute  of  Island 
82,  thence  down  the  chute  to  river  on  the  low^er  side  of  the  point,  thence  along  river 
bank  again  down  to  near  Bellevue  Landing.  Here  it  turns  and  joins  the  back  levee 
mentioned  above.  This  line  is  broken  in  many  places,  one  of  the  breaks,  near  Lin- 
"wood,  being  about  i  mile  long. 

The  levee  be^ns  again  ^  mile  below  Bellevue  and  600  meters  from  the  river,  and 
runs  down  till  it  joins  the  old  levee  about  i  mile  above  Luna.  The  old  levee  extends 
above  this  juncture  about  a  mile.  From  Luna  the  levee  is  continuous  for  about  4^ 
miles,  when  it  is  again  cut  off  by  a  caving  bank.  At  Point  Chicot  Landing  it  appears 
again  and  runs  directly  back  from  the  river  for  a  distance  of  600  meters,  where  it  is 
*gain  broken,  and  does  not  appear  till  beyond  the  limits  of  this  survey. 

f^ft  hank. — From  Offutt's  Landing  the  levee  runs  almost  directly  across  to  a  point  IJ 
miles  above  Argyle  Landing,  leaving  Asbbrook  and  Woodstock  Points  outside.  It  is 
w)  meters  from  the  river  at  the  lower  part  of  Miller's  Bend.  From  the  point  where 
It  utrikea  the  river  above  Argyle  it  turns  and  runs  down  at  a  distance  of  i  mile  from 
the  river  in  the  deepest  part  of  the  bend,  and  continue-s  down  behind  Lsland  83  to 
Greenville. 
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Right  hank. — From  Vidalia  the  lovee  runs  down  near  river  bank  to  WhitelialL  Here 
it  turns  back  and  runs  around  Natchez  Island,  coming  near  the  river  again  near  Croth- 
er's  Plantation.  From  latter  point  it  runs  about  400  meters  from  the  river  till  it  reaches 
the  head  of  Saint  Catherine's  Bend,  where  it  turns  and  runs  directly  across  Esper- 
ance  Point  to  the  Pecan  plantation,  abont  ^  mile  above  Green's  Lauding.  A  small 
levee'theu  follows  along  near  the  river  for  a  distance  of  a  mile  and  there  ends.  From 
the  latter  point  to  Ashley  Landing  there  is  no  levee.  Then  comes  a  piece,  badly  broken, 
aggregating  1^^  miles  long.  Below  this  there  is  no  levee  till  we  I'each  Fairview,  where 
there  are  several  patches,  with  a  total  length  of  about  1^  miles.  At  Home  Place  we 
again  find  a  small  levee  1  mile  lon^,  and  small  patches  may  be  found  down  as  far  as 
Boug^re.  Then  there  is  no  levee  till  we  reach  Union  Point,  where  it  starts  back  along 
the  old  river  bank  behind  the  batture,  and  continues  for  about  3  miles.  Then  comes  a 
break  extending  to  Black  Hawk.  From  this  point  the  levee  follows  along  behind  a 
cypress  swamp  for  about  3  miles,  and  finally,  after  numerous  breaks,  is  lost  entirely, 
and  no  more  levee  is  found  till  Ked  River  Landing  is  reached.  From  latter  point  it 
runs  along  near  river. to  Smlthland,  where  it^nrns  back  along  bank  of  Old  River, 
touching  the  river  again  at  Fleta  above  New  Texas.  There  is  an  old  levee  about  t^ 
miles  long  lyin^  along  bank  of  old  river  about  opposite  Tunica  Island  and  1  mile 
from  the  main  nver. 

From  Fleta  the  levee  runs  down  near  the  river  to  Morganza  crevaase,  where  the 
**  Grand  Levee  "  is  broken  for  a  distance  of  1,200  meters.  Below  this  the  levee  is  con- 
tinuous  down  to  the  end  of  the  survey  at  Point  Coup6e,  except  the  "Scott  crevasse," 
which  was  nearly  closed.     The  breaks  on  the  right  bank  aggregate  about  'M  miles. 

Left  bank, — There  is  no  regular  system  of  levees  on  the  left  bank  till  we  reach 
Tunica  Island.  From  this  point  down  to  Bayou  Sara  there  was  formerly  a  levee. 
This  section  was  known  as  the  Greensbnrg  District.  But  little  of  the  levee  now  re- 
mains. There  are  small  patches  from  Greenwood  Landing  down  to  Sebastopol,  where 
it  disappears  entirely,  and  nothing  more  is  seen  of  it  till  we  reach  a  point  opposite 
Morganza.  From  the  Litter  point  it  extends  down  to  Hardwick  ditch,  opposite 
Stuart's  Landing.  It  begins  again  at  Copps'  wood  yard  and  runs  down  to  within 
half  a  mile  of  the  mouth  of  Bayou  Sara,  where  it  turns  back  towards  the  hills. 

There  are  private  levees  at  other  points.  Just  below  Hutchins  Landing  is  a  piece 
about  1^  miles  long,  which  runs  behind  the  plantation  from  the  hills  to  the  river  bank. 

Behind  the  Corena  plantation,  o^tposite  Fairview,  is  a  levee  2^  miles  long,  which 
serves  to  keep  out  the  back  water. 

Allaway  plantation  has  a  small  front  and  back  levee  l^  miles  long.  Artonish  plan- 
tation above  Stamp's  Landing,  has  about  I  mile  of  levee.  Langside  plantation 
has  a  levee  along  lower  side  of  Clark's  Lake,  which  is  about  1  mile  long.  On  the 
Angola  plantation  a  levee  starts  in  abont  opposite  Smithland  and  follows  along 
about  a  mile  from  the  river  for  a  distance  of  abont  4  miles,  when  it  runs  into  the 
bluffs.  The  locations  of  the  above-described  levees  may  be  seen  on  Plate  1,  accom- 
panying this  I'eport. 

8TONE   LINE   SECTIONS. 

In  the  Report  of  Mississippi  River  Commission,  Appendix  G,  page  162,  a  discussion 
of  river-bank  profiles  is  given.  A  continuation  of  tne  same  study  has  been  made  to 
embrace  that  part  of  the  river  lying  betweem  Arkansas  City  and  Donaldson vi lie. 

The  sections  of  the  banks  do  not  differ  materially  from  those  heretofore  published, 
until  we  reach  a  point  near  Baton  Rouge  (Stone  line  No.  11).  From  this  point  down  the 
levees  are  very  close  to  the  edge  t»f  the  bank,  and  the  land  outside  of  the  levee  is  very 
often  three  or  four  feet  higher  than  that  on  the  inside.  This  indicates  a  deposit  of 
that  amount  since  levees  were  built.  Sometimes  this  deposit  reaches  nearly  to  the 
top  of  the  levee. 

The  sections  of  the  river  bed  grow  gradually  narrower  and  deeper  as  we  approach 
Don  aldson  ville. 

Respectfully  submitted. 

J.  A.  OCKERSON, 
Assistant  United  States  Engineer. 

First  Lieut.  Smith  S.  Leach, 

Secretary  Mississippi  Biver  Commission 
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2.— Report  of  Assistant  Engineer  C.   M.  Winchrll,  Lake  Providence    to 
Warrenton  and  Bayou  Sara  to  Donaldsonville. 

Office  Mississippi  River  Commission, 

Saint  Louie,  Mo,,  June  22,  1883. 

Sir:  I  have  the  honor  to  make  the  following  report  concerning  the  work  done  by 
the  bydrographic  and  topographic  party  ander  my  charge  during  the  field  season  of 
1^  and  1883 : 

In  obedience  to  written  instructions  from  you,  I  left  Saint  Louis  on  September  26, 
1882,  for  Lake  Providence,  La.,  to  assume  charge  of  the  party  which  had  been  organ- 
ized and  taken  the  field  under  the  direction  of  Assistant  G.  Y.  VVisner.  I  arrived  at 
Lake  Providence  October  3. 

Previons  to  this  date  the  party  had  been  engaged  in  fiUiug  up  gaps  in  the  last  year's 
snrvey,  which  had  been  skipped  on  account  of  the  high  water  of  1882. 

The  survey  was  continued  with  the  assistants  assigned  as  follows :  Hydrography, 
C.  A.  Rnsseli  and  C.  N.  Roberts;  topography,  left  bank,  G.  W.  Wood  and  F.  B. 
Maltby;  topography,  right  bank,  J.  A.  Paig«  and  H.  W.  Kerr;  levels,  J.  C.  Cam- 
mack  and  Moses  Greenwood.  Recorder  J.  T.  Desmond  plotted  most  of  the  topo- 
graphic  field-notes,  the  field-plats  being  completed  by  the  topographers  on  rainy  days 
and  at  other  times  when  they  could  not  work  to  advantage  in  the  field. 

Assistant  S.  L.  Beaumont  did  some  topography  and  assisted  in  the  plotting  until 
the  party  began  work  at  Bayou  Sara,  January  8,  wheu  he  was  made  hydrographer, 
Mr.  RuMell  having  resigned  December  28. 

AMistant  J.  C.  Cammack  died  in  New  Orleans  December  31,  and  Recorder  C.  N. 
Roberts  carried  the  levels  on  the  left  bank  from  Port  Hudson  to  Donaldsonville,  La. 
Assistant  A.  L.  Arner  reported  for  duty  January  12,  and  was  assigned  to  assist  the 
hydrograpbic  party. 

Mr.  Cammack  was  an  enthusiast  in  his  profession,  a  con.scientious  worker,  and  ex- 
ceptionally well  informed  in  the  various  branches  of  engineering.  By  his  untimely 
death  the  Commission  lost  a  valuable  assistaut,  and  his  messmates  a  beloved  friena. 
He  was  highly  esteemed  by  all  who  knew  him. 

The  rate  of  progress  of  the  work  was  materially  lessened  during  October  and  No- 
vember by  sickness,  nearly  every  member  of  the  party  suflering  from  fever  or  chills 
and  fever.  B.  R.  Morgan,  steward,  died  October  13  and  was  buried  on  land  of  Judge 
Hays,  at  Ha.vs'  Landiug,  Miss.  There  were  very  few  new  cases  of  sickness  after  the 
first  good  frosts,  but  26  men,  out  of  a  party  of  sixty,  were  discharged  on  account  of 
sickness  before  November  15. 

The  survey  was  based  on  a  system  of  secondary  triangulation  previously  executed 
by  the  United  States  Coast  and  Geodetic  Survey,  all  intermediate  points  for  delineat- 
ing the  topographic  features  being  located  by  transit  and  stadia,  the  stadia  conrses 
being  checked  by  connecting  with  triangulation  stations.  A  continuous  line  of  levels 
was  ran  down  each  bank  of  the  river  and  numerous  points  determined  to  aid  the 
topographers  in  developing  the  five-foot  contours.  The  levels  are  referred  to  the 
Memphis  datum  plane  of  the  Mississippi  River  Commission,  and  are  checked  by  con- 
nection with  precise  bench-marks  established  under  direction  of  the  United  States 
Coast  and  Geodetic  Survey. 

Stone-line  l»ench-marks  were  established  once  in  about  three  miles  of  river,  don- 
iistjngof  foar  stones  (two  on  each  side  of  the  river),  set  in  line  at  right  angles  to 
the  channel  of  the  river,  the  stones  furthest  back  being  usually  1,000  to  1,200  meters 
^m  the  river  bank.  These  lines  were  so  arranged  iis  to  pass  through  a  triangulation 
station  on  one  or  both  banks  of  the  river,  the  distance  back  being  determmed  by 
stadia.  The  elevaiions  of  the  bench-marks  were  checked  by  duplicate  levels.  Two 
kinds  of  bench-marks  were  used,  the  ones  nearest  the  river  being  granite  posts  three 
feet  long  and  six  inches  square,  set  in  the  ground  with  their  tops  projecting  about 
one  foot  above  the  surface.  The  bench-marks  set  farther  from  the  river  consiste«l  of 
flat  stones  lb"x  18"x4",  with  copper  bolt  leaded  into  holejn  cinter  of  upper  snrfiiee. 
TOs  stone  was  set  2\  feet  below  the  surface  of  the  ground,  and  an  iron  pipe  five  feet 
long  carefully  centered  over  the  copper  bolt  and  held  in  position  until  the  hole  was 
filled  and  ground  tamped  around  the  pipe.  The  top  of  the  pipe  is  covered  with  a 
cap,  which  can  be  removed  to  admit  the  leveling  rod  so  that  the  stone  can  be  reached 
withont  disturbing  the  earth  around  or  over  it.  The  elevations  of  the  top  of  the  cop- 
per bolt  in  the  stone,  and  of  the  top  of  the  cap  on  the  pipe,  were  both  determined  in 
»11  cases. 

This  style  of  bench-mark  is  preferable  to  the  stone  post,  because,  having  a  much 
broader  base  and  being  lighter,  \t%  value  will  not  change  so  much  by  settling;  the 
flat  stone  being  entirolv  beneath  the  surface,  will  not  be  in  so  much  danger  of  acci- 
dental disturbance  as  the  stone  post  which  projects  above  the  surface  ;  and,  lastly,  it 
can  be  more  easily  fonnd,  the  iron  pipe  projecting  2^  feet  above  the  ground. 

In  wooded  country  the  compass  and  stadia  were  used  for  locating  points  of  eleva- 
tion to  develop  the  five-foot  contours.  By  using  the  compass,  woods  and  swamps 
^an  be  examined  more  rapidly  and  with  less  cutting  than  by  the  usual  method  of 
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carrying  azimath,  thus  considerably  reducing  the  expense  of  the  survey.    Whei 
compass  lines  were  connected  with  the  regular  stadia  courses,  or  with  triaugi 
stations  at  both  ends,  it  was  found  that  the  work  closed  with  an  error  of  less 
in  300. 

The  survey  was  completed  to  Big  Bayou,  about  eight  miles  below  Vicksburg, 
Assistant  L.  L.  Wheelei-'s  party  began  work,  December  22.     The  tug  Mignon, 
had  become  disabled,  was  laid  up,  and  the  party  was  detained  at  Vicksburg 
January  1,  188:i,  waiting  for  a  boat  to  move  us  to  Bayou  Sara,  La. 

In  obedience  to  your  instructions  the  party  started  for  Bayon  Sara  as  soon 
iron  launch  which  had  been  assigned  to  the  party  was  repaired  suiBciently  t^ 
the  trip. 

Work  was  begun  at  Bayou  Sara  January  8,  six  days  having  been  consumed 
ting  there  from  Vicksburg.  We  were  delayed  on  the  way  by  fog  and  by  the  w 
the  launch  getting  loose,  which  made  it  necessary  to  hoist  her  out  of  the  wat 
repair  her.  A  new  hub  was  cast  for  the  wheel  at  Baton  Rouge,  but  the  boiler 
so  badly  that  the  tug  was  of  very  little  use  the  rest  of  the  season.  The  tug 
was  assigned  to  the  party -a  short  time,  which  enabled  us  to  get  good  sonud 
the  channel  below  Plaquemine,  where  they  could  not  well  have  been  obtained 
the  six-oared  cutter,  at  the  then  existing  high  stage  of  river,  on  account  of  th' 
depth  and  strou^^  current. 

Below  Bayou  Sara  the  stone-line  bench-marks  were  not  set  so  far  back  fr< 
river,  because  the  banks  are  much  more  stable,  the  rate  of  change  in  position 
river  being  much  less  than  it  is  above  Vicksburg. 

The  survey  was  completed  to  Donaldson ville,  and  connection  made  with  th< 
Survey  topography  March  17,  when  the  party  was  discharged,  and  the  assistan 
were  retained  returned  to  the  oflBce  in  Saint  Louis.  The  quartt?r-l>oats  Tenness 
Pioneer,  the  tug  Frolic,  and  tJie  iron  launch  were  turned  over  to  Captain  Daft 
tow-boat  Baker,  and  his  receipts  taken  for  the  same. 

A  full  description  of  the  organization  of  the  working  parties,  the  number 
required  for  each  parfy,  and  the  methods  of  carrying  on  the  work  in  detail,  ij 
in  the  Report  of  the  Mississippi  River  Commission  for  IS&ii. 

The  season's  work  may  be  summarized  as  follows  : 

Miles  of  river  surveyed 

Square  miles  of  topography 

Square  miles  of  hydrography 

Total  area  surveyed square  mile 

IJUci'epancies  between  precise  and  ordinary  levels. 


Between  P.  B.  M's. 


i>'«t«.ce.;  j^-p- 


Obser^ 


No.  112  and  128 
No.  128  and  137 
No.  137  and  140 
No.  140  and  150 
No.  150  and  162 


No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


162  and  171 
171  and  179 
179  and  184 
184  and  188 
188  and  197 
197  and  2U7 
207  and  211 
211  and  225 
38  and  37  . . 
37  and  36  . 
36  and  35  . . 
35  and  34  . . 
34  and  33  . . 
33  and  32  . . 
31  and  29  . . 
29  and  28  . . 
28  and  27  . . 
27  and  26  . . 
26  and  25  . . 
25  and  24  . . 
24  and  23  . 
23  and  22  : 
22  and  21  . . 
21  and  20  . . 
20  and  19  . . 
19  and  17.. 


MUm. 
8} 
5* 
\k 
5* 
15 

5 

4 

2t 

2 

5 

5 

3t 
6 
9 
5 

U 
1 

3i 
4i 
7 
5 

5i 

2i 

H 
3} 
6i 


Feet. 

+0.194 

-0.(U7 

—0.195 

—0.042 

—0.144 

-^.043 
—0.042 
—0.064 
—0.077 
—0.100 
—0.007 
—0.084 
—0.039 
-h  0.  071 
+0.  051 
—0.076 
}-0.  064 
—0.078 
+  0.043 
—0.074 
+0.090 
—0.030 
—0.116 
-^.014 
+0. 023 
+0.138 
—0.163 
+0. 186 
+  0.010 
—0.062 
+0.030 


J.  C.  Canin 

Do. 

Do. 

Do. 
J.  C.  Camn 
M.  Greei 
M.  Greenv 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
C.  N.  Rob€ 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


The  sum  of  these  discrepancies  is  — 0.869  feet  for  a  distance  of  159  miles. 
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Dittcrepancies  betiveen  right  and  left  bank  ordinary  levels. 


Locality  where  compared. 


AjaxBar i 

H»v»'  Landinj; 

Wilton  Landinf; 

Chotord  LaodinG: 

HeoderMD  Landing  

Ou^  Landing 

Halpino  Landing 

Young's  Point  Landing 

Delta,  La 

Near  Big  Bayou 

llonnt  Pleasant  Landing 

Head  of  Profit  Island 

GroMinan's  Landing ; 

BdmoDt  Landing ! 

Arlington  Landmg 

Duncan's  Point 

Hollywood  Lanfiing 

Plaqupmine 

Forlorc  Hope 

Point  Pleasant 

Ophelia  Landing 

Belle  Grove  Landing 

Claiboni  Island 

Aahland  Landing 

Donaldsonrille 


Distance. 

Discrep- 

ancy. 

MUet. 

Feet. 

7 

0.221 

3* 

0.018 

6 

0.199 

11 

0.187 

4i 

0.139 

8    , 

0.130 

6 

0.111 

m 

0.  210 

H 

0.100 

4^ 

0.100 

12 

0.028 

2i 

0.278 

8 

0.189 

3 

0.130 

H 

0.004 

5 

0.113 

H 

0.100 

7* 

0.122 

*i 

0.036 

4 

0.014 

24 

0.064 

7 

0.092 

5 

0.005 

4 

0.194 

8 

0.048 

HIGH-WATER  MARKS. 


Lake  Providence 

Bau  Landing 

Do  ...  .... 

Island  No.  97  ... . 


Milliken's  Bend 

Cabin  Tfde , 

Young's  Point 

Port  Hickey 

Plaquemine 

Forlonj  Hope 

Do 

Saint  Gribrirf's  Church 

Bajou  (loala    

Aihland  Landing 

DonaldflonTille 


Well-defined  mark  on  tree  opposite  Lake  Providence,  La i 

Nail  in  largo  oak  tree • , 

do        

WoU  defined  mark  on  Mr.  Zach.  Leatherroan's  house,  about  | 
one  mile  below  Arcadia  Lauding.  I 

On  steps  of  Morancy's  house,  back  of  levee > 

Mark  cut  on  comer  of  gin-house  in  front  of  levee 

On  .steps  of  dwelling  three  miles  below  Young's  Point  Landing. 

On  United  States  gauge 1 

Mark  on  tree  two  miles  above  Plaquemine { 

Nail  in  cotton  wood  tree  at  landing 

do 


Do. 
Do 


Well-defined  mark  on  warehouse 

Mark  on  warehouse  established  by  (ron.  J.  Thompson 

Marks  cut  on  northwest  corner  o^  market-house  by  (len.  Jefif. 
Thompson. 


1882 
1882 
1880 
1882 

1882 
1882 
1882 
1882 
1882 
1882 
1880 
1882 
1882 
1874 
1862 

1869 
1874. 


114.98 
111.53 
109.49 
110. 45 

102.25 
105.  05 
99.62 
47.60 
39.60 
39.00 
35.40 
37.65 
37.35 
3&12 
35.21 

33. 73 
35.18 


Table  showing  surface  slope  of  river  as  determined  bif  this  survey. 


DisUnce.  S^^P,?.^^^!  ^  gaup-'^ 

reading. 


Miles. 
6.7 
3.5 
6.8 
10 

a 


4. 


I*ke  Providence  to  head  of  Island  95  

Head  of  Island  95  to  Hays'  Landing   

Hars'  Landing  to  W  ilton 

Wilton  to  Chotard 

Cbotard  to  Omega 

gnegs  to  Halpino  Landing 

mlpino  to  Nebraska  Landing    

Jfbraaka  Landing  to  King's  Point 

fM>«'»  Point  to  head  of  Warrenton  T.  H 

Myoo  Sara  to  Kelson  Landing 

Kdspn  Landing  to  Lobdell's  Landing 12.5 

^bdeirs  Landing  to  Baton  Rouge I         10 

MtoD  Rouge  to  Manchac  

««ncba«  to  Forlorn  Hope 

^norn  Hope  to  Bayou  Goula 

»joo  Goola  to  Donaldsonville 


5,5 
12.8 
12. 
10 
10 
14 


I. 
19. 


Feet. 
0.70 
0.49 
0.40 
0.54 
0.26 
0.55 
0.36 
0.19 
0.16 
0.14 
0.13 
0.12 
0.12 
0.12 
0.14 
0.12 


11.50 

9.2 

8.9 

9.0 

8.8 

1L2 

13.5 

12.6 

U.2 

*15.2 

*14.5 

*18.7 

*24.1 

*27.5 

*26.6 

♦30.4 


Rising  or 
falling. 


FaUing. 
Stationary. 

Do. 
Falling. 
Stationary. 
Rising. 

Do. 
Falling. 

Do.* 
Rising. 
Stationary. 
Rising. 

Do. 

Do. 
Stationary. 
Rising. 


Baton  Rouge  gauge. 
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The  qaantity  and  quality  of  the  work  accomplished  is  dae  in  a  great  measure  to  the 
energy  and  efficiency  of  my  assistants,  to  whom  I  desire  to  express  my  thanks  for  the 
cheerful  and  faithful  manner  in  which  they  performed  their  duties. 
Very  respectfully,  your  obedient  servant, 

C.  M.  WINCHELL, 
United  States  Jasiatant  Engineer. 

First  Lieut.  Smith  8.  Leach, 

Secretary  Mississippi  River  Commission. 


3.— Report  of  Assistant  Engineer  L.  L.  Wheeler,  WarrentoN  to  Natchez- 
Office  Mississippi  River  Commission, 

Saint  Louisy  Mo.,  July  .5,  1883. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  operations  of  the 
party  in  my  charge  during  the  sesison  of  l882-*83. 

The  work  assigned  Uy  the  party  was  to  make  a  topographical  and  hydrographical 
survey  of  that  portion  of  the  Mississippi  River  lying  between  Warren  ton  and  Natchez, 
Miss.  The  survey  was  to  inchide  both  banks  for  at  least  three-quarters  of  a  mile  on 
each  side,  and  in  all  cjvses  to  include  the  levees.  It  was  also  to  include  old  cut-off 
lakes,  sloughs,  bayous,  blutf-lines,  .and  other  topographical  features  within  a  distance 
of  ten  milts  of  the  river. 

The  partj'  left  Saint  Louis  the  evening  of  October  16,  1882,  and  went  on  board  the 
quarter-boats  Illinois  and  Kentucky,  at  Cairo,  the  following  day.  The  boats  were 
taken  in  tow  by  the  steamer  Oakland,  October  21,  and  arrived  at  Vicksburg  October 
28.  Two  days  were  spent  in  putting  supplies,  coal,  <fcc.,  on  board  at  Vicksburg,  and 
the  boats  were  towed  down  to  Warrenton  October  31. 

Assistant  Engineer  E.  E.  Haskell  was  taken  sick  soon  after  the  party  took  the  field 
and  was  obliged  to  return  to  Saint  Louis.  Assistant  Engineer  H.  B.  Wood  and  Alex. 
E.  Kastl  were  detailed  for  making  special  surveys  near  Arkansas  City,  and  joined  the 
main  party  about  the  middle  of  November.  Assistant  Engineer  O.  W.  Ferguson  and 
Recorder  E.  K.  Woodward,  jr.,  joined  the  party  December  4.  Samuel  Fitzbugh  was 
promoted  from  rodman  to  recorder  January  1,  1883.  The  party,  as  finallv  organized, 
consisted  of  Assistant  Engineers  A.  N.  Darrow,  O.  W.  Ferguson,  H.  B.  Wood,  A.  H. 
Weber,  J.  W.  Dorst,  O.  A.  Orrman,  A.  E.  Kastl,  and  A.  N.  Milner,  and  Recorders 
Fred.  Morley,  E.  K.  Woodward,  jr.,  and  Samuel  Fitzhugh,  with  the  necessary  com- 
plement of  men. 

The  field-work  commenced  November  1  on  the  triangle  side  "  Last-Big  Bayou,"  aboot 
seven  miles  below  Vicksburg,  and  continued  until  February  22,  1883,  when  the  work 
was  completed  to  Natchez. 

The  following  day  instruments,  charts,  note-books,  &c.,  were  packed  and  sent  by 
express  to  Saint  Louis,  and  the  party  disbanded,  the  assistants  returning  to  the  office. 

The  party  was  therefore  engaged  in  field-work  114  days,  16  of  which  were  Sundays, 
one  an  observed  holiday,  and  on  14  the  weather  was  such  that  no  field-work  could 
be  done.  Field-work  was  therefore  done  on  83  days,  on  many  of  which,  however, 
only  part  of  the  day  wa«  suitable  for  work. 

The  length  of  main  river  surveyed  was  93  miles,  embracing  217.2  square  miles  of 
topography,  and  63.3  square  miles  of  hydrography,  or  a  total  area  of  280.5  square 
miles  surveyed. 

The  survey  was  based  upon  a  system  of  trian^ulation  and  a  line  of  precise  levels 
executed  bv  the  United  States  Coast  and  Geodetic  Survey,  the  results  of  which  were 
furnished  fi*om  that  office.     The  survey  was  made  in  the  following  manner : 

1st.  A  line  of  levels  was  run  on  each  bank,  which  determined  the  elevations  of  tri- 
angulation  stations,  sounding-stakes,  stadia-stakes,  stone-line  bench-itiarks,  water- 
gaujres,  high-water  marks,  water  surfaces,  t&c.  The  levels  on  the  right  bank  were 
checked  by  the  precise  levels,  and  those  on  the  left  bank  by  reciprocal  leveling  across 
the  river.  The  two  lines  also  mutually  checked  each  other  by  frequent  determina- 
tions of  water  surfaces  on  opposite  sides  of  the  river.  All  elevations  were  referred  to 
the  Memphis  datum  plane,  which  is  a  plane  225  feet  below  the  reading  34.16  on  the 
Memphis  gauge.    The  leveling  was  performed  by  Assistants  Dorst  and  Kastl. 

2d.  A  stadia  line  was  run  on  each  bank,  checking  frequently  as  to  azimuth  and 
distance  upon  triangulation  stations  and  intersections  on  distant  signals,  and  as  to 
elevations  upon  the  line  of  levels  run  on  each  bank. 

The  principal  topographical  features  along  the  river  bank,  inclnding  landings, 
gauges,  lights,  sounding-stations,  &c.,  were  located  when  the  shore  line  was  run. 
The  topography  back  from  the  river  was  taken  by  lines  run  back  for  that  purpose. 
Where  the  country  was  wooded  lines  were  cut  back  from  the  river  three-fourths  of  a 
mile  in  such  a  direction  as  would  best  determine  the  topography.    The  locating  of 
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loTeeis,  lakes,  bloffs,  bayous,  &,o,,  when  beyond  the  limit  of  topography,  was  done 
byiUdia  lines  connecting  with  the  main  lines.  The  topographical  work  was  done 
by  Aaeistants  Darrow,  Ferguson,  Weber,  Miluer,  and  Recorder  Woodward. 

3d.  The  hydrography  consisted  of  lines  of  soundings  taken  normal  to  the  stream 
eTery  400  meters,  and  a  line  of  soundings  taken  longitudinal  to  the  stream.  The 
■oandinss  were  taken  with  a  22  pound  tallowed  lead,  about  every  third  sounding  b6iug 
located  by  sextant  angles  between  signals  on  the  banks.  A  sounding  line  of  Italian 
hemp  wan  first  used,  but  wa«  discarded  and  a  cotton  line  used  instead. 

Assistant  Wood  and  Recorder  Morley  performed  the  hydrographical  work,  and  also 
miterially  aide<l  in  the  other  work  of  the  survey. 

4th.  The  points  located  by  the  topographical  parties  were  plotted  on  protractor 
sheets  to  the  scale  1:10000,  the  sketching,  contours,  &c.,  being  pat  in  by  the  observ- 
en  when  field-work  could  not  be  done.    The  plotting  was  done  by  Assistant  Orrman. 

5th.  All  notes  were  reduced  in  the  iield,  and  all  note-books  indexed. 

6th.  The  points  of  the  survey  were  marked  on  the  ground  by  the  usual  lines  of 
mtrking-Htone^,  the  positions  and  elevations  of  which  were  determined,  and  descrip- 
tions of  which  were  made  in  a  book  kept  for  that  purpose. 

My  thanks  are  due  to  the  assistants  and  recorders  for  their  hearty  co-operation  and 
interest  in  the  work.     Assistants  Darrow,  Ferguson,  and  Wood  gave  me  valuable 
assistance  aside  from  their  i*egular  duties,  and  deserve  special  mention  for  the  inter- 
est shown  in  the  general  progress  of  the  party. 
Very  respectfully,  your  obedient  servant, 

L.  L.  WHEELER, 

Jasietant  Engineer. 

First  Lieot.  Smith  S.  Leach, 

Secretary  Mississippi  River  Commission, 


4.— Bkport  of  Assistant  Engineer  H.  B.  Wood,  upon  rksurveys  in  front  of 

Crevasses. 

Office  Mississippi  River  Commission, 

Saint  LouiSf  Sei)t€mber  15,  1883. 

Sir:  I  have  the  honor  of  submitting  to  you  the  following  report  on  hydrographic 
work  above  Arkansas  City,  completed  during  the  mouths  of  October  and  November, 
1882. 

The  special  object  being  to  ascertain  the  effect  of  large  breaks  in  levees  upon  the 
river  bed  during  the  great  spring  flood  of  1882,  four  reaches  in  the  immediate  vicinity 
of  said  breaks  were  selected  for  hydrographic  observatious,  all  of  which  were  located 
in  that  portion  of  the  river  surveyed  by  the  party  in  charge  of  Mr.  J.  A.  Ockerson, 
iflsigfant  engineer,  during  the  winter  season  of  1881-82,  just  before  the  flood.  The 
fiivt  reach  extended  from  Maloue's  Landing,  near  the  foot  of  Island  No.  66,  to  Aus- 
tralia; the  second,  from  Riverton  to  the  head  of  Ozark  Island ;  the  third,  from  Bolivar 
to  Cypress  Creek ;  and  the  last,  from  Mound  Place  to  Arkansas  City. 

The  party  consisted  of  two  assistant  engineers,  pilot,  steam  engineer,  fireman,  cook, 
leadsman,  and  two  rodmen,  and  was  provided  with  the  tug  Eva,  of  Helena,  two  skiffs, 
and  camping  outfit 

To  re-sound  the  sections  as  located  by  the  previous  party  required  that  the  stone 
lines  should  be  found,  and  where  no  A  stations  or  other  landmarks  of  prominence 
■enr'ed  to  identify  the  other  sections,  a  stadia  line  was  run,  and  the  positions  of  former 
■ectiona  marked.  Accordingly,  with  some  few  exceptions,  the  re-sounded  sections 
were  identical  with  those  previously  established. 

The  water  surface  was  counected  at  frequent  intervals  with  established  benches 
referred  to  the  Memphis  datum,  and  a  constant  gauge  record  kept  during  the  progress 
of  the  work. 

In  the  first  reach,  from  Malone's  Landing,  thirty-two  sections  were  re-sounded,  cov- 
ing a  distance  of  about  sixteen  miles.  These  cross-sections  have  been  plotted, 
together  with  the  corresponding  ones  of  the  previous  year,  and  their  areas  approxi- 
mately measured  with  the  planimeter,  the  results  being  tabulated  herewith.  A  very 
■mall  amount  of  fiUiug-in  below  the  breaks  occurred  here.  By  the  annexed  table  of 
compared  areas  of  cross- sections,  it  will  be  seen  that  an  average  till  has  taken  place, 
making  each  section  about  2,200  square  feet  less  in  area  than  before  the  flood,  not 
connting  sections  that  were  above  or  below  their  former  position. 

In  the  second  reach,  from  Riverton,  seventeen  sections  were  re-sounded,  covering 
Ahont  nine  miles.  Here  each  section  averaged  about  11,000  square  feet  lef«s  in  area 
than  formerly. 

In  the  thii^  reach,  from  Bolivar,  where  eighteen  sections  were  re-sounded  in  a  dis- 
tance of  ten  miles,  each  section  averaged  8,400  square  feet  less  in  area  than  when 
sounded  the  previous  year. 
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In  the  last  reach,  from  Mound  Place,  where  nine  sections  were  re-sonnded  in  a  dis- 
tance of  four  miles,  each  section  averaged  23,800  square  feet  less  fn  area  than  before 
the  flood. 

The  following  approximate  crevasse  discharges  for  the  several  reaches  were  meas- 
ured by  Assistant  Engineer  J.  B.  Johnson : 

Cable  feci  i>er  second. 

First  reach,  Lake  Charles  and  Pushmataha  Breaks, 15,000 

Second  reach,  Riverton  Break 107,400 

Third  reach,  Bolivar  Breaks 128,250 

Fourth  reach,  Mound  Place  Break 20,660 

The  above  survey  occupied  from  October  10,  1882,  to  November  10,  1882,  during 
which  time  seventy-six  sections  were  resounded,  covering  forty  miles  of  the  total  dis- 
tance of  one  hundred  and  forty-five  miles  to  Arkansas  City.  At  the  conclusion  of  the 
work,  the  party  proceeded  to  Vicksbnrg,  and  joined  the  party  in  charge  of  Mr.  L.  L. 
Wheeler,  Assistant  Engineer,  then  located  at  Moore's  Landing,  according  to  your 
orders. 

Very  respectfully,  vouj  obedient  servant. 

HENRY  B.  WOOD, 

Aattisiant  Engineer. 
First  Lieut.  Smith  S.  Leach, 

Secretary  Missiamppi  River  Commisaiov. 


Tahle  showing  approximate  areas  of  cross-sections  below  a  common  water-level  both  before  and 

after  the  flood  of  1882. 

FROM  MALONES  LANDING  TO  AUSTRALIA. 


Section. 


Area  before 
flood. 


Stone  line  No.  38 . 

16 

17 

18 , 

19 

20 

Stone  line  No.  39 . 

25 

26 

27 

28 

29 

30 

31 

82 

29  (chute  68)  "*- 

Ftchate 

83 

84 

85 

36 

87 

38 

39 

40 

41 

42 

Alld.69 

44 


Sqitare/eet, 
62,550 
84,200 
77,100 
81.000 
71,  550 
67,150 
60.000 
66,800 
56,450 
52,000 
61,550 
48,700 
52,750 
45,200 
49, 100 
14,850 
15.250 
54,950 
84,400 
78,050 
71,500 
74,850 
61,650 
61,600 
62,350 
61,  000 
49,100 
55,400 
66,000 


Area  after 
flood. 

Difference. 

Square  feet. 

Square  feet. 

97,550 

• 

84,100 

-      100 

68,100 

-  9,000 

64,000 

-17,000 

69.100 

-  2,450 

60,900 

—  6,250 

78,400 

-f  18, 400 

61,800 

—  5,000 

63,250 

+  6,800 

59,550 

66,500 

-f  4,950 

38,500 

-10,200 

57,000 

+  4,250 

41,900 

—  3, 300  , 

44.400 

-  4,700  ' 

13.850 

-  1,000 

19.000 

+  3,750 

49, 100 

—  5,850 

77,050 

-  7,350 

75, 550 

-  2,500 

78, 650 

J-  7,150 

72,850 

—  2,000 

58,550 

-  3,100 

55,550 

-  6,050 

56,  800 

-  5.550 

51,000 

—10,  000 

50,000 

+       900 

64,000 

73,000 

Remarks. 


Cut  ont  by  chute  66. 


410*  below  old  sect. 


Belovr  old  seci. 
Do. 
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lahle  tkowing  approximate  arecLS  of  croBs-scctions  below  a  common  water-level  both  before  and 

aftei'  the  flood  of  IS&'Z — Coatimied. 

FROM  KIVERTOJT  TO  HEAD  OF  OZARK  ISLAND. 


Section. 


Area  before 
flood. 


!    Square  f«9i. 

1« 65,300 

104 74,050 

1« 70,550 

1*7 87.100 

AArkRirer 109,400 

1«. 71.300 

110 50,000 

111 j  92,000 

lis i  68,200 

USA I  75,350 

U4 I  65,250 

115 j  92,200 

Aiif[l«14toADgle22 12,600 

Aji£ie22to3L118 1  109,000 

ACrowPt 169,050 


Area  after 
flood. 


Square  feet. 
69,800 
64.850 
43,100 
06,400 
91,900 
90,100 
63, 150 
65,600 
74.150 
65,750 
57.400 
56,450 
69,100 
34,600 
79,700 
158,450 


Difference. 

1 

Square  feet.     ' 

+  4,500 

-  9,200 

—27, 450 

—20, 700 

—17,500 

+  1^,800 

+  13,150 

-26,  400 

-18,400 

-  2,450 

-  7,950 

—  8,800 

-23,100 

-29, 300 

-10,600 

Remarks. 


In  pocket  below  old  sect. 


FROM 'BOLIVAR  TO  CYPRESS  CREEK. 


137 

OMSirer... 

138 

139   

]4« 

141 

143    

I43A 

0IJ48 

A  /eraej  Pt 

A-T.H 

A 

B 

C 


D 

Slone  line  No. 

F     

A  Good  Lack 

151   

153 


58. 


52,500 

46,800 

Below  old  AAcL 

12.150 

11,000 

-  i,  iso 

82,650 

48,800 

300"*  below. 

75,350 

51,850 

-23,500 

92,150 

63,000 

-29, 150 

79,800 

70,150 

-  9,650 

74,250 

68,100 

-  6,150 

70,100 

59, 750 

-10,  350 

58,200 

62.100 

+  3,900 

Midstream. 

57,950 

45,650 

-12,300 

4.100 

2,700 

-  1,400 

Old  River,  Catfish  T. 

H 

35,250 

32,900 

-  2,350 

53,550 

45,650 

-  7,900 

87,650 

60,400 

-27,250 

66,700 

56,000 

-10, 700 

75,950 

73,600 

-  2,350 

81,850 

87,100 

+  5,250 

• 

62,550 

68,500 

+  5,950 

68,450 

64,250 

-  4,  200 

72,500 

53,900 

-18, 600 

FROM  MOUND  PLACE  TO  ARKANSAS  CITY. 


173    

174    

176 

177    

178   

179 

180    

Stone  line  Ko.  63. 


60,600 
94,500 
100,700 
106,  700 
79,600 
102,000 
122,350 
103,550 


71,200 
66,150 
67,150 
56,550 
64,550 
88,800 
90,000 
83,600 


+  10,600 
-28,350 
-33,550 
—50, 150 


200'"  above  old  sect. 


-13,200 
-32,350 
-19,  950 
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APPENDIX   E. 

REPORT  OF  ASSISTANT  ENGINEER  B.    S.    DAVIS   UPON  THE    FIELD-WORK   AND  RESULTS 

OF  TRANSAIXyVlAL  LEVELS. 

Saint  Louis^  Mo.,  June  21,  1883. 

Sir:  I  have  the  honor  to  submit  the  followiug  report  on  the  work  of  trans-alluvial 
leveling. 

The  scheme  for  this  work  contemplated  nine  sections,  located  at  the  following- 
named  places,  all  of  which  have  been  run,  except  No.  3: 

1.  From  the  Mississippi  River,  at  Island  No.  13,  east  and  west  to  land  above  overflow. 

2.  From  the  tirst  Chickasaw  Blutf  west  to  laud  above  overflow. 

3.  From  Memphis  west  to  uplands  beyond  the  Saint  Francis  River,  on  line  of  Mem- 
phis and  Little  Kock  Railroaa. 

4.  From  Helena  east  to  upland. 

5.  Up  Cypress  Creek  to  land  above  overflow. 

6.  From  Grand  Lake  to  Bayou  Ma^on  Hills;  up  Bayou  Ma^on  Hills  across  the  cut-off 
to  land  above  overflow. 

7.  From  Lake  Providence  east  to  Yi^^oo  City. 

a.  From  Grand  Gulf  west  to  high  land  of  Sicily  Island. 

9.  From  Fort  Adams  west  to  Avoyelles  Prairie ;  thence  two  branches,  one  across 
Bayou  Bcenf,  and  one  across  Red  River. 

The  location  of  No.  8  was  changed  from  Grand  Gulf  to  Saint  Joseph. 

The  line  contemplated  from  Memphis  has  each  season  been  omitted,  with  the  ex- 
pectation of  running  it  after  work  on  other  sections  had  been  made  impracticable  by 
the  presence  of  water  in  the  swamps.  It  has  happened,  however,  that  this  line  has 
been  submerged  when  work  on  other  lines  had  been  abandoned,  and  it  yet  remains 
to  be  done. 

The  work  has  occupied  three  seasons.  The  following  table  gives  the  amount 
done  each  season ;  also  the  dailv  average  rate  of  progress.  The  time  given  each  sea- 
son includes  the  time  from  leaving  Saint  Louis  to  date  of  disbanding  the  party : 


Season. 


188a-'81 
1881-'82 
18S2-'83 


Distance. 


MiJUM. 

62 

52 

164 


Time. 


Dayt. 
150 
104 
174 


Average 
daily  rate. 


JfOet. 
.41 
.50 
.97 


About  20  per  cent,  of  the  time  speut  in  the  field  has  been  occupied  in  traveling 
from  Saint  Louis  and  between  lines. 

Over'  each  hue  levels  in  duplicate  and  a  traverse  have  been  run.  All  streams 
crossed  have  been  gauged  roughly  ;  elevations  of  high-water  marks  have  been  taken 
where  they  could  be  found.  An  azimuth,  has  been  observed  at  the  inland  end  of  each 
line  except  No.  5. 

During  the  first  season  (18d0~'81),  Mr.  Hunter  Stewart  assisted  me,  he  running  the 
traverse  and  I  the  levels.  A  transit  and  stadia  were  used  in  running  the  traverse, 
the  stadia  being  used  to  measure  all  distances.  An  ordinary  level  and  target-rod 
were  used  in  running  the  levels. 

During  the  first  part  of  this  season  the  levels  were  checked  by  running  between 
benches  a  second  time.  During  the  latter  part  of  the  season  the  levels  and  check 
levels  were  run  at  the  same  time,  the  following  method  being  employed:  After  the 
rod  hail  been  read  in  the  usiial  position,  it  was  inverted  and  held  on  the  same  point  as 
before,  and  another  set  of  readings  taken.  This  method  of  checking  levels  will  be 
discussed  later.  During  the  second  and  third  seasons  a  combined  level  and  transit 
was  used. 

The  combination  was  made  by  fastening  the  essential  parts  of  a  Stackpole  level  to 
the  limb  of  a  Wiirdemann  transit. 
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The  device  for  making  the  combination  is  very  simple  ^nd  inexpensive,  as  sbown  by 
the  followiDg  sketch : 


Fi^.  1  is  a  vertical  projection  of  a  part  of  the  instrument. 
L 18  the  bar  of  the  level. 


T  is  the  bar  of  the  transit. 

A  \»  the  transit  axis. 

C  and  C  are  the  collars  used  to  hold  the  two  instruments  together. 

Fig.  2  is  a  horizontal  projection  of  the  same  parts. 

Fig.  3  is  a  right  section  through  the  collars  and  shows  how  the  parts  are  fastened 
together.  When  a  transit  was  needed  for  azimuth  observations,  the  screws  shown  in 
Fig. 3  were  taken  out,  the  collars  and  level  bar  removed,  and  the  transit  wyes  fastened 
on  the  transit  bar  by  the  same  screws.  It  took  only  a  few  minutes  to  make  this 
ebange. 

By  the  ose  of  the  combined  instrument  one  observer  was  enabled  to  rnn  the  levels, 
check  levels,  and  traverse  at  the  same  time. 

Ass  level  the  combination  worked  admirably,  and  the  results  of  azimuth  observa- 
tions indicate  that  it  worked  well  as  a  transit,  although  the  vernier  plate  was  a  little 
below  the  plane  of  the  limb,  caused  by  the  weight  of  the  level  attachment. 

When  the  vernier  plate  was  brought  up  to  the  plane  of  the  limb  the  spindle  had  a 
little  play  in  its  sf^cket,  which  was  not  desirable  in  the  level;  therefore  the  spindle 
was  allowed  to  sink  far  enough  into  its  socket  to  prevent  the  play. 

There  was  no  means  of  causing  the  telescope  to  revolve  in  a  vertical  plane,  at  the 
■ftme  time  keeping  the  plane  of  tne  limb  horizontal.  However,  the  necessity  for  read- 
ing sngles  with  the  telescope  inclined  did  not  occur  very  often  ;  when  it  was  neces- 
sary, it  was  accomplished  by  setting  the  instrument  up  so  that  one  of  the  foot  or  sup- 
porting screws  would  be  in  the  plane  in  which  it  was  desirable  to  revolve  the  tele- 
scope, then  the  foot  screw  was  used  for  inclining  the  telescope.  By  exercising  due 
care  only  a  small  error  is  introduced  in  this  way. 

The  telescope  used  contained  three  horizontal  cross- wires,  all  of  which  were  read 
when  practicable.  It  frequently  happened,  however,  that  one  or  the  other  of  the 
OQtside  wires  could  not  be  read.  The  middle  wire  and  one  of  the  outside  wires  were 
always  read.  Distance  tables  were  computed  for  all  of  the  intervals,  so  that  distance 
from  the  instrument  to  the  rod  could  always  be  determined.  Self- reading  metric 
rods  were  used.  • 

Angle  or  transit  stations  were  taken  as  far  apart  as  the  rods  could  be  seen.  The 
rods  used  on  these  stations  were  straight  poles  covered  with  strips  of  black  and  white 
cloth. 

The  distance  between  transit  stations  was  obtained^by  taking  the  sum  of  the  dis- 
tances measured  between  them. 

The  tnmin^  points  and  level  stations  between  transit  stations  were  as  nearly  on 
line  as  practicable. 


176  REPORT    OF   THE    MISSISSIPPI    RIVER   COMMISSION. 

The  following  sketch  and  explauation  will  show  the  method  : 

T  P  T'  P'  L  P"  T" 

—  A  O  A O X O A  — 

T,  T',  and  T"  are  three  conHCCUtive  transit  stations. 

Snppoae  the  instrument  to  be  at  T ;  then  T"  is  located  as  to  direction  by  the  angles 
read  at  T'.  The  turning  point  P'  is  put  on  line  T'  T";  the  iustniment  is  then  moved 
to  L  and  set  up  on  liue  by  ranging  in  with  T'  and  P'  and  the  turning  point  P"  put  on 
line  L  T".  The  rods  at  iP'  and  V"  are  read,  the  instrument  is  moved  to  T",  and  the 
rod  at  P"  read ;  then  the  distances  T'  P',  P'  L,  L  P",  and  P"  T"  are  known  and  the 
distance  T'  T"  is  equal  to  their  sura. 

For  the  levels  two  rods  were  used,  so  that  at  every  instrument  station  the  back  and 
fore  sights  were  taken  on  different  rods.  Referring  to  sketch  above,  when  instru- 
ment is  atT'  one  rod  is  at  P  and  the  other  at  P' ;  after  completing  readings,  instrument 
is  moved  to  L,  the  rod  held  at  P  for  last  setting  is  now  carried  to  P",  and  so  on.  By 
having  two  rods  very  little  time  is  lost  in  waiting  for  rodmen.  By  the  time  the  in- 
strument is  set  up  at  L  the  rodman  has  had  time  to  walk  from  P  to  P'^  and  is  ready 
to  be  put  on  line. 

LEVELS  AND   CHECKING. 

The  instrument  being  set  up  between  two  turning  ]»oints,  the  rods  were  first  held 
with  their  zeros  on  the  points,  and  the  readings  recorded.  Then  the  rods  were  in- 
verted and  held  on  the  same  points  as  before  and  another  set  of  readings  recorded  in 
the  same  book  and  immediately  below  the  first  set. 

The  line  run  with  invert-ed  rods  serves  as  a  line  of  check  levels.  Wooden  pegs  were 
used  for  turning  points,  and  were  driven  down  nearly  flush  with  the  sarf%ice  of  the 
ground,  so  that  elevations  of  turning  points  are  practically  elevations  of  the  ^p^nnd. 

A  copy  of  a  page  of  my  note-book  is  given  to  illustrate  the  method  of  keeping  the 
notes  and  making  the  computations. 

An  examination  of  the  notes  will  show  that  the  method  employed  gives  two  inde- 
pendent lines  of  levels,  the  readings  on  any  one  rod  for  the  two  positions  being  en- 
tirely different,  except  when  the  middle  wire  reads  at  the  middle  of  the  rod. 


Star 
tion. 


» 


S.     O.       B.S.  E.       H.ofl.   F.  8.  jint.    Di«t    O.  Vernier  I.   "^^raie*"         Remark*. 


B  BP8       1.389  I  3G.436     37.693     L  556 

Y        99       L  257     36.262    1  1.431 

L128  , • L311 

.261  I i 

2.044   136.436   1 34. 260 
2.176   t36.259    


40 


2.  305 
.261 


.245  I 

1.877  j  .261     25.9 
1.999     .244  i  24.3 


2.120 
.243 


B        99'     1.748     36.262     37.762     1.870    ....\    39 

F      100  i     L500     36.144    !  1. 618    ! 41 


O       >      I'     \     O       'II 

14  19  00  194  18  00  ;  Large  timber 
208  32  00  :  28  32  00        and  very  thick 


I     L258 L370  1 (83  44  00  263  44  00        nnderbrash. 

i     I   .490 I  .500  ' ;...  277  56  00  97  56  00 

I  L684  t36.259  1 34.  328  !  L  561  .4895  !  48.4  499  83  30  00 

L931  t36. 142  ; 1.814  .5005  49.4  100  277  46  00 

j  2.173    1 2.060 

I                   .  489  .           I         . : . .      .  501 

B|     100  i     L740  36.144  !  37.617     1.700 

F I     101  1     1. 373     36. 198    1. 319  I 

L018    1 

.722    387 

'                 1.693  f  36. 142    t34. 083     L  728   .722       71.1 

1  2.059   t3(i.  197    2.114    .3865     75.2 

2.415    

.722    .386 


The  figures  in  columns  1,  2,  3,  4,  7,  10,  11,  12  and  13  are  the  original  note«,  except 
the  intervals  written  under  each  set  of  readings  in  columns  4  and  7  ;  the  other  figures 
are  reductions. 

NOTES   AND    REDUCTIONS. 

• 

An  inspection  of  the  notes  will  show  the  manner  of  keeping  the  field  records. 
Only  the  mid- wire  readings  are  used  in  reducing  the  heights  of  instrument  and 
elevations,  the  reductions  for  rod  inverted  being  marked  (t). 
Rod  in  first  position,  back  sights  are  plus. 
Rod  in  first  position,  fore  sights  are  minus. 
Rod  inverted,  back  sights  are  minus. 
Rod  inverted,  fore  signts  are  plus. 
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The  Teadings  of  the  oatside  wires  are  used  for  determining  distances. 

The  intervals  are  taken  oat  and  placed  beneath  the  sets  of  readings  to  which  they 
belong.  In  the  eighth  colamn  the  mean  intervals  are  placed  opposite  readings  for  in- 
rerted  rod,  the  back-sight  interval  being  placed  first.  In  the  ninth  colamn  the  dis- 
tinces  are  placed  opposite  the  proper  interval. 

Of  conrae  objections  may  be  raised  to  this  method  of  checking  levels. 

It  might  be  said  that  any  lack  of  adjustment  of  the  instrament  and  local  distnrb- 
SQces  woald  affect  both  lines  alike,  or  in  the  same  direction,  and  it  is  granted  that 
8ach  is  the  case.  However,  errors  arising  from  these  sources  would  not  be  likely  to 
inflaeDce  the  results  beyond  the  errors  of  discrepancy  allowable  in  this  class  of  work, 
etpecislly  when  care  is  taken  to  keep  the  instrument  in  good  adjustment,  and  to  keep 
back  and  fore  sights  equal.  I  feel  perfectly  confident  in  saying  that  this  mode  of 
checking  levels  would  detect  any  error  caused  by  a  blunder  in  reading  the  rod.  Again, 
it  might  be  said  that  the  observer,  knowing  the  length  of  the  rod,  would  know  what 
the  second  set  of  readings  should  be,  the  sum  of  the  readings  of  any  wire  in  the  two 
poeitions  of  the  rod  being  equal  to  the  length  of  the  rod,  and  that  the  second  set  of 
reading  might  be  vitiated  by  any  error  that  might  have  been  made  in  the  first  set. 

I  tbmk,  however,  that  an  error  from  this  source  would  hardly  occur,  unless  the 
observer  intentionally  computed  what  the  second  set  of  readings  should  be,  and  re- 
corded them  as  observed  readings. 

It  will  of  coarse  be  admitted  that  this  method  saves  a  great  deal  of  time,  the  only 
additional  time  required  for  checking  a  line  of  levels  being  that  necessary  to  take  a 
second  set  of  readings  at  each  instrument  station. 

There  is  still  another  advantage  of  the  system,  to  which  I  desire  to  call  attention. 
There  u  safficient  data  given  when  all  the  wires  are  read,  to  enable  one  to  correct  any 
error  that  might  have  been  made  in  any  reading. 

MAPS. 

The  traverse  of  line  No.  1  was  plotted  on  Manilla  paper,  scale  1:10000 ;  the  profile 
was  plotted  on  cross-section  paper,  scale  1:60,  and  the  whole  transferred  to  tracing 
cloth ;  the  traverse  and  profile  of  lines  2  and  4  were  plotted  on  protractor  sheets,  hori- 
zontal scale  1:10000,  vertical  scale  1:60,  and  the  whole  transferred  to  tracing  cloth. 
The  traverse  of  lines  5,  6,  7,  8,  and  9  was  plotted  on  protractor  sheets*  scale  1:10000, 
and  thiflr  profiles  plotted  on  tracing  cloth,  scale  16:0.  The  profiles  of  surface  of  high 
water  of  1882  have  been  plotted  on  lines  2, 5, 6, 7, 8,  and  9 ;  the  profile  of  high  water  of 
1867  has  been  plotted  on  line  No.  4.  All  the  lines,  traverse  and  profile,  have  been 
plotted  on  paper :  horizontal  scale,  1:100000 ;  vertical  scale,  1:120. 

All  the  reduced  maps,  except  that  of  line  No.  1,  show  the  profile  of  surface  of  high 
water  of  18)@.  The  map  of  line  1  shows  the  surface  of  high  water  of  1882  at  several 
places,  obtained  from  the  answers  to  a  set  of  questions  sent  to  persons  residing  along 
the  section. 

The  high-water  profile  for  1882,  plotted  on  line  No.  4,  was  reduced  from  the  high- 
water  profile  of  1867,  plotted  on  the  large-scale  map  by  taking  the  difference  of  the 
high  waters  of  1867  and  1882  at  Helena,  and  making  the  profiles  parallel.  The  high- 
water  profiles  for  the  other  lines  were  plotted  from  high- water  marks  taken  while  rnn- 
ninff  toe  sections. 

The  above-named  maps  and  profiles  are  herewith  respectfully  submitted  as  a  part 
of  this  report. 

The  time  occupied  in  completing  this  work  has  been  much  greater  than  was  at  first 
anticipated.  However,  the  nature  of  the  country  through  which  the  sections  were 
mn,  taken  in  connection  with  the  fact  that  the  first  two  seasons  were  very  unfavora- 
ble, will  account,  in  some  measure,  for  the  slow  rate  of  progress. 

The  country  throagh  which  the  sections  were  run  is  mainly  uninhabited,  and  is 
heavily  timbered.  This  made  a  great  deal  of  clearing  of  lines  necessary,  which  greatly 
retarded  the  progress  of  the  work. 

The  almost  entire  absence  of  roads  made  the  transportation  of  camp  equipage  a 
serioos  difficulty  even  when  the  swamps  were  dry ;  when  the  swamps  were  wet  the 
difflcnlty  was  very  much  increased;  several  bridges  and  rafts  have  been  built  in  order 
to  cross  streams.  It  has  been  necessarv  on  several  occasions  to  abandon  all  camp 
^nipa^e  except  what  could  be  carried  by  my  men,  on  account  of  the  impossibility 
of  getting  pack  animals  through  the  swamps. 

Very  little  time  has  been  lost  on  account  of  sickness;  in  fact,  the  health  of  my 
party  has  been  better  than  could  reasonably  have  been  expected. 
Very  respectfully,  your  obedient  servant, 

E.  S.  DAVIS, 
United  States  Aetiatant  Engineer. 

First  Lieut.  Smith  C.  Leach, 

Secretary  Miasieeippi  River  Commieeion. 

H.  Ex.  37 12 
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APPENDIX  F, 

bbpobts  upon,  and  results  of,  river  gauging8  at  various  points  on  the 

mississippi  and  ohio  rivers. 

1.— At  Clayton,  Iowa,  and  Paducah,  Ky.— W.  G.  Price,  Assistant  in  Charge. 

Carrollton,  La.,  May  10,  1880. 

Lieutenant:  In  accordance  with  your  order  of  April  26, 1883, 1  have  the  honor  to 
submit  the  following  report  on  the  work  of  observing  discharge  at  Clayton,  Iowa,  and 
Padnoah,  Ky.,  and  on  methods  of  measuring  the  discharge  oi  rivers. 

OBSERVATIONS  AT  CLAYTON,  IOWA. 

In  accordance  with  orders  received  irom  you,  I  arrived  at  Cla^on,  Iowa,  on  October 
12,  1880,  and  proceeded  to  make  a  reconnaissance  of  the  Mississippi  River  in  the 
vicinity  of  the  mouth  of  the  Wisconsin,  for  the  purpose  of  finding  the  most  favorable 
location  for  a  discharge  section.  There  was  some  delay  in  making  the  selection,  but 
the  party  got  well  stiurted  by  the  25th  of  October,  and  the  work  was  carried  on  with- 
out serious  interruption  till  October  25,  1881.  Until  the  breaking  up  of  the  ice  on 
March  29,  1881,  all  the  velocity  observations  were  measured  with  the  meter.  After 
the  ice  stopped  running,  April  12, 1880,  observations  were  taken  with  rod-floats,  used 
in  connection  with  the  plant.  ' 

During  the  entire  season  222  velocity  observations  were  made,  of  which  85  were 
with  the  meter  and  137  with  rod-floats.  Besides  the  regular  velocity  observations 
for  discharge,  there  were  taken  36  sets  of  vertical  observations. 

The  balance  of  the  work  comprised : 

53  sets  slope  observations. 

28  sets  longitudinal  soundiugs. 

40  sets  sediment  observations. 

10  sets  dredginss. 

The  results  of  this  work  were  published  in  the  Report  of  the  Commission  for  1882, 
page  133. 

OBSERVATIONS  AT  PADUCAH,   KY. 

Arrived  at  Paducah  November  29, 1881,  and  made  observations  of  discharge  from 
this  time  till  November  26,  1882.  During  this  time  215  discharc^  were  measured,  oi 
which  27  were  with  rod-floats  and  188  with  the  meter  and  plant.  In  addition  to 
these  velocity  observations  there  were  2(^  verticals  taken.  A  few  of  the  observations 
were  taken  partly  with  rods  and  partly  with  the  meter,  but  this  was  only  an  occa- 
sional occurrence. 

The  results  of  this  work,  as  computed  in  the  office  of  the  commission,  are  appended 
to  this  report. 

METHODS  OF  MEASURING  THE  DISCHARGE  OF  RIVERS. 

Method  with  double  floats. 

I  think  these  floats  do  not  give  the  mid-depth  velocity,  owing  to  the  effect  the 
current  has  on  the  upper  float  and  connecting  wire.  The  upper  float  is  also  affected 
by  the  wind.  Observers  are  supposed  to  use  a  very  fine  wire  to  connect  the  floats, 
but  as  this  causes  much  trouble  by  breaking,  a  strong  string  is  usually  put  iu,  and 
this  catches  too  much  water.  For  this  reason  the  measurement  would  be  too  great 
except  where  there  is  a  strong  up-stream  wind,  when  it  might  be  too  small.  Meas- 
urements of  vertical  curves  of  velocity  with  double  floats  in  an  up>8tream  wind 
show  a  much  greater  decrease  of  velocity  near  the  surface  than  the  same  measure- 
ments with  the  current  meter. 

The  mid-depth  velocity  is  not  always  a  mean  velocity.  I  think  it  varies  with  dif- 
ferent sections  and  with  different  stages  of  water,  beih^  from  1  to  4  per  cent,  greater 
than  the  mean.  At  Paducah,  Ky.,  durmg  the  year  1882,  it  was  about  4  per  cent,  most 
of  the  time,  being  a  little  less  at  low  water.  At  Carrollton  during  this  year's  obser- 
vations it  has  been  4  per  cent. 

For  timing  floats  a  stop-watch  is  used,  and  I  think  they  cannot  be  depended  n]  on 
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nnlMS  in  the  hands  of  a  careful  engineer  who  haa  the  mechanical  skill  to  keep  them 
in  Older. 

There  is  no  check  on  any  of  the  observers,  one  of  whom  beinf(  a  careless  man  will 
spoil  the  accuracy  of  the  work.  The  shore  observers  may  work  with  their  instru- 
ments out  of  adjustment ;  they  may  miss  the  float  but,  give  the  signal  as  though  all  was 
rieht;  or  the  floats,  to  save  labor,  may  not  be  adjusted  to  mid-depth,  and  the  chief 
of  the  party  may  not  know  it. 

Method  wiih  rod-floats. 

When  these  floats  are  observed  from  the  shore,  as  with  double  floats,  there  is  no 
cheek  on  any  one  of  the  observers.  Careless  observers  will  let  the  float  project  too  much 
oot  of  water  so  that  it  is  )kffected  by  the  wind.  It  is  impossible  to  run  floats  nearer 
thin  one  or  two  feet  of  the  bottom,  and  where  the  sand  waves  are  three  feet  high 
they  are  liable  to  be  over  three  feet  from  the  bottom  most  of  the  time.  In  deep  places 
tbey  often  do  not  reach  to  mid-depth. 

ij  the  vertical  curve  of  velocity  varies  very  much  with  different  sections,  and  also 
st  different  points  on  the  same  section,  it  is  impossible  to  make  a  formula  which  will 
redaoe  the  observed  velocity  to  a  true  mean.  For  this  reason  when  the  floats  do  not 
reach  nearly  to  the  bottom  they  may  not  be  as  accurate  as  the  double  floats.  At 
CirTollton,La.,  where  the  water  is.  over  100  feet  deep,  it  would  not  be  easv  to  run 
floite  reaching  to  mid-depth,  and  as  the  velocity  at  three-fourths  of  the  depth  is 
frequently  found  to  be  as  great  as  it  is  at  mid-depth  or  the  surface,  the  observed 
Telodty  of  a  float  reduced  by  Francis'  formula  would  be  far  from  correct. 

AtPadacah,  Ky.,  the  discharge  was  measured  once  a  week  during  a  part  of  the 
year  hy  both  rod-floats  and  the  meter.  The  floats  were  run  at  the  same  stations  and 
at  the  same  time  that  the  meter  was  running.  The  apparatus  for  running  the  floats 
wss  attached  to  the  stem  of  the  catamaran,  which  was  anchored.  The  floats  were 
timed  by  a  good  stop-watch,  which  was  kept  in  good  order,  and  it  was  stopped  and 
started  automatically  by  electricity.  During  the  time  these  measurements  were  taken 
the  river  fell  f^om  about  a  medium  stage  to  low  water.  At  first  the  rod-float  dis- 
charges were  the  greatest,  but  when  the  river  had  fallen  much  lower  they  were  less 
than  those  taken  with  the  meter.  When  the  rod-float  discharges  were  the  greatest 
theTertical  curves  of  velocity  taken  with  the  meter  were  like  iig,  l,and  when  they 
were  less  they  were  like  Fig.  2. 


Fig.  1.        Surface. 


Fig.  2. 


Bottom. 

_  • 

This  showed  that  the  observed  velocity  of  the  floats  had  not  been  reduced  enoagh 
at  fint,  and  afterwards  too  much,  though  the  same  formula  (Francis^)  was  used  all  the 
time. 

The  method  of  running  rod-floats  from  an  anchorage  with  an  automatic  electrical 
apparatus  for  timing  them  is  far  more  accurate  than  that  with  observers  on  shore, 
and  the  only  part  not  checked  is  the  reading  of  the  stop-watch,  and  this  should  be 
tested  at  least  twice  a  day  by  comparison  with  an  ordinary  watch. 

•  Method  with  current  meter. 

In  this  method  the  man  who  has  charge  of  the  field-work  can  see  that  every  part 
is  done  correctly.  An  ordinary  watch  can  be  used  for  timing  the  meter,  so  there 
is  no  error  from  this  soarce. 

It  has  been  supposed  that  the  meter  measurements  are  too  great,  as  it  takes  in 
all  the  oscillations  of  the  current.  Observations  at  Paducah,  Ky.,  a  report  of  which 
▼as  forwarded  on  October  10, 1882,  show  that  the  horiisontal  oscillations  of  the  cur- 
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rent  are  so  small  they  hardly  increase  the  reffistrations  at  all,  while  another  obser- 
vation at  CarroUtOD,  La.,  the  resalt  of  wnich  was  given  in  my  report  of  April  20, 
1883,  shows  that  the  vertical  oscillations  do  not  increase  the  measarements  by  the 
meter. 

If  the  meter  is  a  good  machine  and  in  the  hands  of  a  careful  observer,  I  think  it 
cannot  fail  to  give  correct  resnlts,  while  the  methods  with  floats  have  been  in  use  for 
a  long  time,  and  have  been  carried  to  as  great  perfection  as  possible,  and  yet  do  not 
give  perfect  results. 

The  method  with  the  meter  has  been  greatly  improved  during  the  last  three  years, 
and  it  was  not  till  this  year,  after  I  had  made  a  good  many  changes,  that  I  became 
satisfied  with  the  apparatus  in  use. 

Experience  shows  that  the  only  meter  which  will  work  in  water  which  carries 
leaves  and  grass,  is  one  with  a  wheel  which  turns  like  the  Ellis.  But  the  EUis  meter 
was  not  constructed  with  a  knowledge  of  the  difficulties  it  would  have  to  contend 
with  in  the  Mississippi.  Owing  to  the  particles  of  sand  in  the  water  the  contact 
would  not  always  work,  and  the  bearings  of  the  wheel  were  ruined  in  a  short  time. 
Small  pieces  of  drift  striking  the  li^ht  wheel  bent  or  broke  it,  and  sometimes  car- 
ried it  away.  Repairs  and  new  ratings  were  required  very  often.  The  apparatus 
for  using  it  was  not  perfect.  The  insulated  wire  would  break ;  the  electric  connec- 
tion would  fail,  and  it  would  be  almost  impossible  to  find  where  the  trouble  was. 
Bnt  the  apparatus  has  been  ^eatly  improved,  so  that  it  is  now  no  trouble  for  an  or- 
dinary Jboatman  to  manage  it.  A  meter  has  been  constructed  which  overcomes  the 
old  difficulties,  and  which  requires  no  more  attention'  than  simply  to  be  oiled  occa- 
sionally. 

The  meter  at  Carrolltou,  La.,  has  not  been  taken  apart,  or  received  any  attention 
except  to  oil  it,  in  nearly  three  months,  and  it  cannot  be  seen  that  it  is  worn  in  the 
least,  or  is  not  just  as  perfect  a  machine  as  when  it  was  constructed.  The  contact 
has  never  failed,  and  the  register  has  never  stopped* except  when  the  insulated  wire 
was  worn  out. 

The  ratings  of  this  meter  do  not  vary  more  than  one- tenth  of  1  per  cent.,  and  I 
think  that  this  variation  is  the  fault  of  the  observers.  It  is  my  experience  that  it  re- 
quires a  great  change  in  the  amount  of  friction  with  which  the  wheel  turns,  to  make 
1  per  cent,  variation  in  the  rating. 

Comparison  of  meihodB. 

On  the  Lower  Mississippi,  at  high  water,  a  float  will  pass  over  the  200-fo6t  section 
in  less  than  30  seconds.  If  26  floats  are  run  (and  I  believe  that  is  about  the  usual  num- 
ber), the  velocity  will  be  measured  just  13  minutes  during  each  survey,  which  would 
require  about  four  hours.  Now,  if  the  meter  was  nsed  to  take  a  discharge,  in  four 
hours  it  would  have  been  measuring  all  the  pulsations  of  the  current  dunng  about 
200  minutes. 

A  float  passing  over  the  200-foot  section  in  30  seconds  measures  the  velocity  of  the 
water  only  in  its  immediate  vicinity,  while  the  meter  running  only  30  seconds  would 
measure  the  velocity  of  a  line  runniog  through  a  200-foot  block  of  water. 

Suppose  that  the  observed  velocity  of  a  float  could  always  be  reduced  to  a  true 
mean,  and  that  the  meter  always  measures  the  velocity  correctly,  it  wonld  require 
more  than  20  floats  to  equal  the  accuracy  of  a  10-minnte  run  of  the  meter;  and  at 
two  stations  at  Carrollton  it  is  necessary  to  run  the  meter  20  minutes  in  order  to  get 
an  average  velocity. 

Cost  ofdiflerent  methods  per  month  for  large  rivers : 

Method  with  donble-floats  or  rod-floats : 

One  assistant  engineer $130 

One  recorder •. 90 

Two  leadsmen,  at  $55 110 

Four  boatmen,  at  $45 180 

Total 510 

Method  with  current  meter : 

One  assistant  enj2:ineer $130 

One  engineer  of  launch 90 

One  steersman 56 

Two  boatmen,  at  $45 90 

One  steam  launch 100 

Total 465 
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For  snuJ]  rivers  where  a  wire  anchorage  can  be  nsed : 

Method  with  double-floata: 

One  iiristaiit  engineer $130 

One  recorder 90* 

Onftleadiman &5 

Two  boatmen,  at  $45 90* 

Total 365 

Method  with  rod-floats  or  the  meter : 

One  assistant  engineer $  130 

Two  boatmen,  at  $45 90 

Total 220 

The  aboye  is  the  force  required  to  measare  the  discharge.  If  the  work  is  to  be  oom- 
poted  in  the  field,  one  recorder  will  be  required  in  addition  to  the  force  given  for  each 
method,  though  the  work  could  be  partly  computed  without  him.  Data  taken  with 
the  meter  are  much  the  easiest  to  compute. 

CONCLUSION. 

I  think  the  method  with  the  current  meter  is  the  most  accurate  and  reliable,  and 
for  large  rivers  it  is  the  cheapest.  For  small  rivers  the  method  with  rod-floats  is 
nearly  as  cheap  as  the  method  with  the  meter. 

For  small  rivers  where  a  wire  anchorage  can  be  used,  the  method  with  rod-floats  is 
Dueh  more  accurate  than  the  method  with  double-floats  observed  from  the  shore ;  but 
in  a  large,  deep  river  I  doubt  if  the  rod-floats  are  as  accurate  as  the  double-floats. 

Ireconmiena  the  following  method  for  measuring  the  discharge  of  rivers: 

Location  of  Boeiion. 

The  section  shohld  be  located  in  a  straight  reach  if  possible  and  not  very  near  a 
tribatary. 

The  section  at  Paducah,  Ky.,  was  located  just  below  the  mouth  of  the  Tennessee, 
and  the  Tennessee  water  being  wannest,  and  therefore  lightest,  spread  over  the  Ohio 
water;  and  as  the  Tennessee  current  was  much  the  slow«)8t,  there  was  a  slow  surface 
enrrent  and  a  swift  undercurrent ;  and  these  currents  were  not  parallel,  but  ran  at 
an  angle  of  about  20^ ;  this  caused  a  great  deal  of  trouble.  When  the  section  was 
laid  ont  in  November  the  gurrents  were  all  right ;  the  trouble  did  not  begin  till  the 
next  Jane. 

Method  of  locating  seeHon, 

The  section  line  should  be  made  at  right  angles  to  the  average  direction  taken  by 
at  least  twenty  rod-floats.    The  floats  should  be  started  from  points  not  over  150  feet 

rand  about  100  feet  above  a  preliminary  section  line  taken  at  right  angles  to  the 
line.  The  floats  must  be  started  from  an  anchored  skiff:  ana  with  a  sextaiitt 
set  at  90°,  a  line  at  right  angles  to  the  direction  taken  by  the  float  should  be  staked 
off  on  shore.    A  mean  of  all  these  right-angle  lines  will  be  the  best  section  line. 

If  the  section  is  not  a  very  good  one  the  current  on  one  side  of  the  river  may  not 
rnn  parallel  with  the  current  on  the  other  side ;  in  this  case  it  might  be  best  to  make 
an  angle  in  the  section  line. 

Method  of  locating  soundings  and  meter  stations  on  section  line. 

Erect  a  line  of  signals  on  shore  at  right  angles  to  the  section  line  and  up  the  river 
from  it ;  make  the  length  of  the  signal  line  one-fourth  the  width  of  the  river.  The 
■iguals  must  all  be  25  leet  apart,  except  the  first  six,  which  must  be  only  5  feet  apart ; 
make  the  width  of  the  signal  cloth  1  foot,  and  the  height  about  3  feet.  Every  fiith 
■ignal  of  those  25  feet  apart  should  be  double  in  height,  so  as  to  distinguish  it  fh>m 
the  others. 

An  ordinary  sextant,  or  a  cheap  one  made  after  the  plan  accompanying  this  report, 
most  then  be  set  at  an  angle  of  14^  02'.  This  is  an  angle  in  a  right-angled  Wangle, 
soch  that  the  base  is  four  times  the  perpendicular^  then  every  &  foot  space  covered 
by  the  sextant  will  equal  100  feet  out  on  the  section  line,  and  every  fraction  of  25 
wet  will  eaual  such  a  fraction  of  100  feet  out.  It  is  easy  to  read  the  distance  in  this 
way  to  within  1  or  2  feet.  The  sextant  should  be  testea  every  morning  by  measur- 
ing with  it  the  known  distance  across  the  river. 
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Location  of  velocity  utationM, 

The  velocity  should  be  measured  at  at  least  18  stations ;  that  is  the  number  now 
used  at  Carrollton,  La.  The  velocity  stations  should  be  near  together  where  the  curve 
of  velocity  is  sharp,  and  farther  apart  at  other  places.  In  order  to  save  labor  in  com- 
puting, the  stations  should  be  located  at  the  same  distance  from  the  base  line  every 
day ;  and  the  last  two  figures  of  the  distance  should  be  00,  20,  40,  60,  or  80. 

In  a  laree  river  where  the  wire  anchorage  cannot  be  used,  the  velocity  stations 
should  be  fixed  by  diagonal  range  lines  on  shore  and  above  the  section.  These  ranse 
lines  should  not  cross  the  section  line  at  a  sharper  angle  than  60^,  and  the  nearer  90^ 
it  is  the  better. 

Method  of  holding  catamaran  at  the  station. 

Where  the  wire  anchorage  cannot  be  used,  the  catamaran  should  be  lashed  to  the 
side  of  a  launch  and  kept  steady  at  the  station  by  the  pilot  and  engineer;  ^reat  care 
being  taken  that  the  run  of  the  meter  begins  and  ends  just  on  the  section  line. 

Hie  wire  anchorage. 

In  a  river  which  does  not  carry  much  drift  the  catamaran  should  be  held  in  posi- 
tion by  a  wire  anchorage  laid  about  15  feet  above  the  section  line. 

The  cross-wire  should  be  made  of  No.  10  steel  wire,  and  should  be  made  in  links  80 
feet  2  inches  long ;  the  links  must  be  joined  by  wrought-iron  rings  2  inches  in  diam- 
ter ;  this  makes  tne  distance  from  station  to  station  80  feet,  and  allows  4  inches  for 
the  sag  of  the  wire ;  experience  teaches  that  this  is  about  the  right  amount. 

The  cross- wire  must  be  supported  at  each  station  by  an  anchor  wire  running  up- 
stream to  a  rock  weighing  at  least  250  pounds ;  the  length  of  the  anchor  wire  must  be 
five  times  the  depth  of  the  water. 

A  machine  for  pulling  the  catamaran  across  on  the  wire  should  be  used ;  it  should  be 
placed  on  a  platform  3^  feet  wide,  which  should  project  4  feet  ahead  of  the  catamaran 
skiffs ;  this  platform  must  be  very  strong. 

The  direction  in  which  the  catamaran  is  taken  across  the  anchorage  must  be  re- 
versed eveiy  time.  If  the  current  is  very  swift  the  wire  cannot  be  run  twice  in  the 
same  direction  without  breaking  it,  while  if  the  direction  is  always  reversed,  it  will 
last  a  long  time.  When  the  anchorage  has  been  used  some  time,  it  is  best  to  double 
the  cross- wire ;  during  high  water  it  will  probably  be  necessary  to  rajse  the  cross- 
wire  every  day  to  prevent  its  becoming  buned  under  the  sand  waves. 

Method  of  using  the  meter. 

The  meter  should  be  lowered  from  the  stem  of  the  catamaran  by  two  No.  10  iron 
wires,  one  of  which  should  be  graduated  to  feet,  and  marked  at  every  10  feet  by  a  red 
or  white  piece  of  cloth  tied  round  it ;  the  wire  must  be  graduated  by  soldering  to  it  a 
close  winding  of  iron-thread  wire,  which  should  not  be  over  y^  of  an  inch  in  diam- 
eter. It  requires  about  one  hour  for  a  party  to  graduate  a  wire  in  this  way,  and  if 
properly  done  it  will  last  three  months.  The  other  wire  is  the  safety  wire,  and  it  has 
the  insulated  wire  wound  around  it ;  it  is  necessary  that  the  insulated  wire  be  wound 
around  the  other,  as  if  it  is  only  tied  to  it,  it  will  vibrate  in  the  water  and  break  in  a 
short  time  where  it  is  tied.  The  safety  wire  should  be  renewed  occasionally  to  insure 
against  losing  the  meter.  These  wires  should  run  over  large  wooden  pulleys  Id  inches 
in  diameter;  small  iron  pulleys  will  break  the  wire  in  a  short  time. 

The  electric  circuit  is  rormed  by  two  wires,  one  of  which  is  the  iron  graduated  wire ; 
the  electricity  passes  from  this  to  the  iron  reel  on  tlie  catamaran,  and  is  taken  from 
the  shaft  of  the  reel  by  three  brass  springs  which  press  against  a  copper  band  which 
is  soldered  around  the  shaft ;  the  other  wire  is  insulated,  and  is  wound  around  the 
iron  safety  wire  which  runs  off  the  other  reel ;  the  insulated  wire  passes  down  to  the 
shaft  of  the  reel,  and  out  through  a  groove  under  the  bearing  to  another  copper  band 
which  is  insulated  from  the  shaft  by  pine  wedges  driven  under  it ;  three  springs 
press  against  this  band  the  same  as  on  tne  other  reel ;  two  or  more  springs  are  neces- 
rary,  as  one  will  £a\\  to  carry  the  current  occasionally. 

The  meter  frame  is  allowed  to  turn  both  horizontally  and  vertically.  It  is  fastened 
to  the  iron  rod  one  foot  above  the  weight ;  the  rod  should  be  three-fourths  of  an  inch 
in  diameter.  The  weight  is  linked  to  the  rod  so  that  the  vane  keeps  it  parallel  with 
the  current. 

Integrations  with  the  meter. 

If  integrations  are  to  be  taken  with  this  apparatus,  they  must  be  taken  in  both  direc- 
ii'Us,  top  to  bottom  and  bottom  to  top,  and  a  mean  of  the  two  used. 
In  the  right-angled  triangle  A  B  C,  let  A  B  equal  the  distance  the  wi|ter  runs  while 
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(he  meter  ia  moving  from  the  top  to  the  bottom,  and  B  C  equal  the  depth  of  the  water; 
tiieo  the  line  measnred  by  the  meter  will  be  A  C. 


The  meter  must  be  lowered  at  sach  a  slow  rate  that  the  line  A  B  will  be  very  long 
ii  proportion  to  B  C,  so  that  it  will  nearly  eqnal  A  C. 

Mid-depth  veUxAtiea, 

In  taking  the  velocity  at  mid-depth,  the  meter  must  first  be  lowered  to  the  bottom 
»nd  the  sounding  read  on  the  wire ;  divide  this  sounding  by  2  for  the  mid-denth. 
Owing  to  the  sag  of  the  wire  down  stream,  this  sounding  is  greater  than  that  taken 
with  ue  lead-line,  and  must  not  be  used  in  calculating  the  discharge. 

Sounding  the  sfciion. 

The  section  should  be  sounded  just  before  or  just  after  the  measurement  of  velocity^ 
except  where  a  wire  anchorage  is  used ;  in  that  case  the  section  can  be  sounded  at  the 
same  time  with  the  measurement  of  velocity. 

The  Boondings  should  not  average  over  45  feet  apart.  The  soundings  should  be  read 
by  both  leadsman  and  recorder. 

If  an  ordinary  lead-line  is  used,  it  should  be  tested  as  follows :  Just  as  soon  as  the 
sooDtlings  are  finished,  fasten  the  lead  on  the  ground  and  tie  a  spring  balance  to  the 
end  of  tne  line ;  give  the  line  one  quick  puU  and  fasten  it ;  make  the  pull  just  equal 
to  the  pall  which  the  leadsman  gives  the  line  when  he  raises  it  to  take  the  sounding ; 
then  measure  the  line  and  correct  the  soundings  accordingly ;  remember  that  if  the 
line  is  too  short,  the  soundings  are  too  great.  With  a  16-pound  lead  and  100  feet  of 
line,  the  pi^  is  about  26  pounds. 

Method  of  reading  gauge. 

When  the  river  is  rou^h  the  gauge  should  be  read  with  an  instrument,  a  plan  of 
which  is  inclosed.  The  instrument  is  clamped  at  an  even  tenth  of  a  foot  on  the  gauf^e ; 
then  the  distance  from  the  clamp  to  the  water  is  read  on  the  graduated  plate  which 
rises  np  in  the  center.  A  small  hole  near  the  bottom  of  the  pipe  lets  in  the  water 
which  lifts  the  air-tight  float  and  ^aduated  plate.  When  the  waves  are  6  inches  hiffh 
the  gauge  can  be  read  with  this  instrument  to  within  one  or  two-thousandths  of  a 
foot. 

Method  of  meaeuring  dieeharge  when  the  river  is  frozen  over. 

\MieQ  the  river  is  covered  with  ice  the  meter  must  be  put  down  through  holes,  and 
an  apparatus,  a  plan  of  which  is  inclosed,  should  be  constructed  for  the  purpose. 

It  is  a  house  on  a  sled  and  contains  a  stove,  which  is  fed  from  the  outside,  a  fuel 
box,  a  battery  box,  and  two  reels  for  lifting  the  meter,  the  handles  to  the  reels  being 
toned  from  tne  outside.  It  is  large  enough  for  one  man  only,  and  should  be  made  as 
li^ht  as  possible.  The  meter  is  lowered  through  a  trap-door  |  one  reel  carries  a  standing 
wire  with  heavy  weight,  and  the  other  carries  a  smaller  wire  with  the  insulated  wire 
wonnd  around  it,  which  is  fastened  to  the  top  of  a  piece  of  gas-pipe ;  the  meter  fastened 
to  the  gas-pipe'  slides  up  and  down  on  the  standing  wire. 

The  electric  current  is  carried  by  the  insulated  wire  and  the  wire  around  which  it  is 
wonnd.  It  is  taken  from  the  hub  of  the  reel  by  copper  bands  and  springs,  the  same 
as  are  osed  on  the  catamaran ;  the  standing  wire  should  be  graduated  to  feet. 

Method  of  reading  the  gauge  through  the  ice. 

Cot  a  hole  where  the  water  is  not  over  4  or  5  feet  deep,  and  drive  in  a  stake  with  a 
ronnd  top ;  let  the  top  of  the  stake  be  about  8  inches  above  the  bed  of  the  river ;  de- 
termine the  elevation  of  the  stake  by  leveling  to  a  bench-mark ;  read  the  elevatiol^ 
of  the  water  by  measuring  from  the  top  of  the  stake  to  the  surface  of  the  water,  using 
s  ^dnated  rod  with  a  piece  of  board  on  the  end,  as  shown  in  the  plan  accompanying 
tms  report    It  will  be  necessary  to  melt  the  ice  £rom  the  rod  after  each  reading. 
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Baiing  of  meter, 

Tlie  meter  should  be  rated  in  a  lake  of  still  water,  which  should  not  be  less  than  5 
feet  deep ;  put  the  meter  on  an  iron  rod  so  that  it  is  free  to  swinf(  in  any  direction ; 
fasten  the  rod  in  front  of  a  skiff  so  that  the  meter  will  be  some  distance  under  water ; 
if  the  meter  is  too  near  to  the  surface  or  to  the  skiff,  a  ^ood  ratine  will  not  be  obtained. 
Draw  the  skiff  by  means  of  a  rope  at  different  velocities  over  a  base  of  200  feet.  Ex- 
amine the  meter  occasionally  to  see  if  the  connecting  wires  have  not  become  twisted 
around  the  iron  rod,  so  as  to  hold  the  meter  out  of  line  with  the  current. 

All  the  ratings  of  a  meter  should  be  the  same,  unless  the  wheel  has  been  bent. 

All  the  methods,  instruments,  and  every  part  of  the  apparatus  given  in  this  report 
have  been  used  by  me  for  a  long  time,  and  are  known  to  work  well.  The  drawings 
accompanying  this  report  were  made  by  Mr.  M.  K.  Bowen,  recorder. 

Respectnilly  submitted. 

W.  G.  PRICE, 

Auietant  Engineer, 

First  Lieut.  Smith  S.  Leach, 

Secretary  Miseieeippi  River  CornmUeitm, 

Diecharge  ohservation8f  Paducakf  Kg, 

This  section,  of  which  a  sketch  and  profile  are  given  below,  was  located  2^  miles 
below  the  mouth  of  the  Tennessee  River.  Parallel  base  lines,  one  on  each  shore,  were 
fixed,  and  the*  observations  taken  on  a  line  at  right  angles  to  these ;  the  distance  be- 
tween bases  was  4,100  feet.  Velocity  was  taken  at  sixteen  or  seventeen  stations  on 
this  line,  and  soundings  for  section  were  made  at  intervals  varying  frt)m  50  to  100  feet. 

Above  the  stage  of  41  feet  the  Illinois  bank  was  overflowed  for  a  limited  width.  As 
this  bank  was  covered  with  a  dense  growth,  the  shore-line  at  high  stages  was  placed 
where  the  current  became  imperceptible. 

At  a  stage  of  43  feet,  on  the  Kentucky  side,  the  water  reached  the  top  of  an  old 
earthwork  behind  which  was  a  depression,  the  bottom  of  which  was  at  the  34-foot 
level.  The  water  width  and  area  of  this  depression  were  neglected  in  the  field  com- 
putations, but  were  included  in  the  revision  made  in  the  office. 

A  peculiar  feature  of  this  section  is  that  ^t  this  point  the  waters  of  the  two  rivers 
are  still  but  imperfectly  mingled,  the  flow  of  the  Tennessee  overlying  that  of  the 
Ohio  for  some  distance  out  from  the  Kentucky  side.  In  consequence,  the  velocities 
taken  by  the  meter  at  mid-depth,  in  this  part  of  the  section,  being  those  of  the  un- 
derlying current  (Ohio),  which  is  here  swifter  than  that  of  the  Tennessee,  are  higher 
than  the  mean  velocities  indicated  by  integ^tion  measurements,  while  the  corre- 
sponding rod-float  velocities  are  res^larly  less  than  the  mean.  In  the  field  computa- 
tions this  anomaly  was  disregarded,  but  in  the  office  computations,  these  mid-depth 
velocities  were  corrected  by  the  use  of  coefficients  deduced  from  the  velocity  curves. 

In  the  ^ble8  the  mean  gauge  reading  is  given  for  noon,  while  the  computations  are 
based  upon  the  ^auge  height  at  the  mean  time  of  observation. 

Scour  and  fill  is  tne  difference  between  the  change  of  area  as  observed  and  that 
computed  from  the  change  of  gauge;  scour  is  recorded  as  plus,  fill  as  minus. 

The  datum  stage  was  taken  at  50  feet,  and  an  area  below  this  datum  assumed.  ''Area 
below  datum  "  for  each  discharge  was  obtained  by  combining  the  scour  or  fill  with 
the  preceding  datum  area.  ' 

The  direction  of  the  wind  is  recorded  by  the  ''  clock-face ''  method,  XII  being  up- 
stream.   Force  is  estimated  on  a  scale  of  1  to  10. 

The  computations  from  the  beginning  of  observations  to  August  12  were  made 
in  the  field ;  after  that  date  in  the  office. 

E.  H.  TWINING. 

NoTB. — ^The  discharge  at  this  point  is  subject  to  the  control  of  such  varying  con- 
ditions, that  the  plotted  sheet  shows  frequent  departures  from  a  normal  curve. 

The  conditions  of  control  are — ^the  stage  of  water  at  the  mouth  of  the  Ohio,  that 
of  the  Upper  Ohio,  and  that  of  the  Tennessee. 
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2. — At  Columbus,  Ky.,  J.  H.  Davis,  Assistant  in  Charge. 

Office  Mississippi  River  Commission, 

Saint  LouiSy'Afo.,  July  7,  1883. 

Sir:  I  have  the  honor  to  submit  the  followiDg  report  on  the  observaMons  made  at 
ColumbuB,  Ky.,  from  December  17, 1H81,  to  November  25, 1882.    The  work  conaisted  of: 

Ist.  Discharge  observations. 

2d.  Determining  vertical  velocity  carves. 

3d.  Determining  transverse  velocity  carves. 

4th.  Longitudinal  soundings. 

5th.  Cross-section  sounding**. 

6th.  Experiments  on  subsurface  currents. 

PreUminary  work. — The  party,  consisting,  at  first  of  assistant,  recorder,  and  three 
boatmen,  reached  Columbus  on  the  29th  of  November.  After  locating,  operationt 
were  begun  by  making  a  reconnaissance  of  the  river  in  front  of  town  for  the  purpose 
of  selecting  a  suitable  ganging  section.  This  being  completed,  several  days  were 
occupied  in  making  the  necessary  preparations  for  the  work  in  view.  Tbest«  were 
delayed  somewhat  on  account  of  having  shipped  most  of  the  material  to  Natchez,  the 

Elace  at  first  selected  for  the  observations.  It  was  not  returned  to  Colombas  tiQ 
December  7,  nine  days  after  the  arrival  of  the  party.  Meanwhile  the  party  were 
employed  in  building  a  catamaran  and  making  such  utensils  as  were  needed  in  manip- 
ulating the  meter.  Range  lines  were  also  laid  off,  and  signals  made  and  erected  apon 
them.  A  water-gauge  was  put.  up,  and  tri-daily  observations  upon  the  sta^e  of  the 
river  commenced.  The  preliminaries  having  been  completed,  the  first  discharge 
measurements  were  made  on  the  17th  of  December. 

Statement — The  discharge  observations  were  made  daily,  Sundays  excepted.  From 
December  17,  1881,  to  November  25,  1882,  there  were  made  in  all  243  sets  of  dischai|;e 
observations.  Of  these,  8  sets  were  made  with  double  floats,  83  sets  with  rod-floats, 
and  152  sets  with  the  current  meter.  Frequent  omissions  occurred  in  the  early  part 
of  the  work  on  account  of  bad  weather  and  accidents  to  instruments  and  machinery. 

Usually  the  observations  for  a  vertical  curve  were  made  upon  each  day  that  the 
meter  was  used  in  the  discharge  measurements.  There  were  fi-equent  omissions,  how- 
ever, owing  to  a  lack  of  time.  During  the  year  there  were  lUl  curves  determined. 
They  were  distributed  across  the  river  so  as  to  include  all  depths  and  velocities. 

The  transverse  velocity  observations  were  made  monthly.  Owing  to  hish  water 
and  the  frequent  repairs  to  the  launch,  they  were  not  begun  till  the  last  m  Mareh. 
From  that  time  until  the  close  of  the  work  8  curves  were  determined.  They  extend 
over  a  period  that  includes  all  the  stages  of  the  river  from  hi^h  to  low. 

The  longitadinal  soundings  were  made  weekly  when  the  time  was  not  fully  oeca- 
pied  with  more  important  work.  There  were  31  sets  made  during  the  year,  a  set  con- 
sisting of  f^om  12  to  15  lines  of  soundings  over  a  reach  of  500  feet. 

The  cross-section  soundings  were  made  for  the  puri)08e  of  determinini^  the  amoont 
of  scour  or  fill,  in  sharp  bends,  due  to  certain  changes  in  the  stage  of  the  river.  They 
were  all  made  on  one  section,  and  at  oscillations  of  about  3  feet  on  the  gauge.  From 
May  to  November,  11  sets  of  about  75  soundings  were  made. 

The  experiments  on  the  direction  of  subsurmce  carrents  were  ansncoessful.  The 
apparatus  could  not  be  made  to  do  the  work  for  which  it  was  designed.  The  resolts 
were  wholly  unreliable  and  were  not  recorded. 

Discharge  observations. — These  may  be  divided  into  three  classes :  1st,  observationt 
made  with  double  floats;  2d,  observations  made  with  rod -floats;  3d,  observations 
made  with  a  current  meter.  The  last  two  admit  each  of  a  subdivision,  as  will  be 
seen  from  a  description  of  the  methods  employed. 

From  December  17  to  28,  inclusive,  the  double  floats  were  used  in  discharge  nieas- 
nrements,  there  being  no  other  method  practicable  at  the  time.  They  were  of  tlie 
pattern  of  those  used  by  Assistant  W.  H.  Powless,  at  Fulton,  Tenn.,  a  small  cord 
being  used  for  connecting  the  surface  and  subsurface  parts. 

On  December  29,  in  accordance  with  instructions,  rods  were  substituted  for  double 
floats.  They  consisted  of  tin  tubes  1^  inches  in  diameter,  connected  and  baoyed  by  s 
wooden  rod  of  the  same  diameter.  The  tubes  were  perforated  so  as  to  admit  the 
water  freely.  The  rod  thus  constructed  was  immersed  about  37  feet  in  deep  water. 
This  varied  from  one- third  to  one-half  the  greatest  river  depth  on  the  gauging  section. 
Rod-floats  were  used  with  few  exceptions  until  March  18,  and  at  intervals  of  aboat 
two  weeks  during  the  remainder  of  the  observations.  In  all  observations  previous  to 
March  1,  the  floats  were  located  in  one  point  of  their  paths  only,  and  by  means  of  the 
telemeter  (see  description).  After  that  date,  they  were  located  in  two  points,  by 
fneans  of  a  transit.  On  the  12th  of  September,  a  goniometer  was  substitnted  for  the 
transit. 

The  instructions  were  to  use  the  current  meter  in  discharge  measurements,  bat  it 
was  not  practicable  to  do  so  in  the  early  part  of  the  work.  It  could  not  be  used 
without  tne  launch,  which  did  not  arrive  till  the  25th  of  December,  and  was  not  serf- 
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ieeable  for  more  than  a  month  following,  except  for  very  short  periods.  The  mef er 
vM  tiTBt  used  on  January  24,  bat  with  only  partial  success.  It  was  also  used  on  the 
27th  and  2dth,  and  a  few  times  in  Februafy.  From  the  middle  of  Febtnary  to  the 
middle  of  March,  the  high  water  and  heavy  drift  rendered  it  very  difficult  to  get  a 
complete  discharge  measurement  with  the  meter  at  all,  and  at  best  the  work  was  very 
lusatisfsctory.  During  a  week  of  the  time,  also,  the  launch  was  at  Cairo  for  repairs. 
It  being  very  desirable  to  have  a  complete  set  of  observations  over  this  the  highest 
itige  of  the  river,  not  only  of  that  year,  but  then  on  record,  it  was  thought  advisubler 
to  086  rod-floats  exclusively,  that  being  a  surer  method  of  obtaining  complete  results. 
Aiter  March  18,  the  meter  came  into  constant  use,  the  water  having  fallen  sufficiently 
to  hiDdle  it  with  safety  and  comparative  ease.  The  rod-floats  were  still  used  at  in- 
torralsof  about  two  weeks,  in  accordance  with  instructions,  and  sometimes  oftener, 
vhAD  the  meter  needed  repairing  After  and  including  March  18,  with  few  exceptions^ 
tbe  ba%^  was  anchored  during  the  observations  with  the  meter.  Previous  to  that 
time,  the  observations  were  made  without  anchoring.  Both  methods  are  described 
below. 

METHODS. 

MMeJUMta. — Two  rmnses  were  laid  off,  100  feet  apart,  and  as  nearly  parallel  as 
WM  practicable,  with  no  better  instrument  than  a  cloth  tape-line.  They  were  also 
pnetically  at  right  angles  to  the  thread  of  the  current. 

On  these  ranges  front  and  back  signals  were  erected  on  both  shores,  and  also  inter- 
mediate ones  S>T  use  in  measuring  distances  with  the  telemeter.  The  floats  were 
manipulated  by  an  observer  in  a  skiff.  The  connecting  cord  was  made  of  sufficient 
leogth  to  allow  the  sabfloat  to  run  practically  at  mid-i&pth,  the  limit  being  betweea 
fonr-tentbs  and  six-tenths  of  the  depth.  The  float  was  put  out  far  enough  above  tbe> 
upper  range  to  assume  a  uniform  rate  before  reaching  it.  The  skiff  was  kept  in  lin» 
with  the  float  and  at  a  convenient  distance  behind  it,  while  passing  the  ranges.  The 
distance  from  shore  was  measured  by  the  observer  in  the  skiff,  when  he  reached  » 
point  about  midway  between  the  two  ranges,  the  telemeter  being  used  for  this  pnr» 
pose.  Soundings  were  taken  on  each  range  by  a  leadsman  in  the  bow  of  the  skiff. 
After  passing  the  lower  range,  the  float  was  picked  up,  the  skiff  rowed  above  lioe^ 
and  tlie  operation  repeated  for  each  successive  observation.  The  float  was  timed  by 
ID  observer  on  shore,  who  watched  its  crossing  of  the  ranges,  and  at  the  same  time 
manipulated  a  stop-watch.  To  aid  him  in  determining  when  the  float  crossed  the 
TtDfut^j  a  fine  vertical  wire  was  employed  at  each  of  the  range  stations.  By  standing 
jost  behind  it,  and  keeping  it  in  line  wit&  himself  and  the  signal  across  the  river,  the  time 
of  the  floats  crossing  could  be  determined  with  tolerable  exactness.  A  field-glass  was 
also  used,  through  which  the  wire,  the  signal  across  the  river,  and  the  float,  could  be 
distinctly  seen  at  the  same  time. 

The  actual  float-path  could  not  be  measured  by  this  method.  In  the  oomputationa 
it  was  considered  100  feet.  In  most  cases  it  waa  greater,  and  where  great  accuracy 
iidenred,  the  length  of  path  should  be  corrected  oy  those  determined  afterwards  at 
eorreeponding  stages,  b^  use  of  the  transit. 

iM-/oate.-— (1).  Previous  to  the  use  of  the  transit,  March  1,  the  method  of  usine: 
rod-floats  was  the  same  as  that  for  double  floats,  except  that  they  were  not  run  at 
mid-depth.  With  few  exceptions  37  feet  was  the  immersion  nsed  in  deep-water  ob- 
KTvations.  That  for  shallow  water  was  regulated  by  the  sounding,  the  float  beings 
ran  aa  near  the  bottom  as  practicable  without  touching. 

&Nt-/o«tf .— (2).  A  B.  d&  B.  transit  (No.  237)  was  received  the  latter  part  of  February^ 
Aod  brought  into  immediate  use  in  the  discharge  observations  with  floats.  The  range 
lines  were  tested  and  found  but  slightly  out.  A  base  line  of  515  feet  was  laid  off  at 
right  angles  to  the  ranges,  and  a  transit  station  established  at  its  extremity.  A  tele- 
{[raph  line  was  erected  for  the  purpose  of  signalling  from  the  station  on  the  ranges  to 
the  transit  station.  A  key  was  placed  in  the  circuit  at  each  of  the  range  stations  and 
taonnder  at  the  transit  station.  The  circuit  was  left  open  and  could  be  closed  by 
toaching  either  key.  The  floata  were  handled  from  a  skiff,  the  launch  being  used  for 
towing  it  above  the  ranges.  The  boatmen  were  necessarily  relied  upon  for  correct 
manipulation  of  the  float  as  well  as  the  taking  and  recording  of  the  soundings.  The 
transit  being  in  position  and  properly  set  with  the  lower  plate  clamped,  the  battery 
»nd  all  being  in  perfect  working  order,  the  following  programme  was  carried  out  for 
eaeh  observation: 

The  float  was  spliced  and  lowered  some  distance  above  the  u^per  range,  so  as  to» 
Msame  an  erect  position  and  uniform  movement  before  reaching  it.  An  observer  on 
the  npper  range  watched  the  float  until  it  came  within  a  few  feet  of  line,  when  he 
tonchea  his  key  twice,  for  a  ready  signal  to  the  observer  at  the  transit.  When  the 
float  reached  the  range  the  observer  touched  his  key  once  and  immediately  went  to 
the  lower  range.  Here  the  same  signals  was  given  as  on  the  upper  range. 
The  observer  at  the  transit  having  brought  the  float  into  his  field  of  view,  followed 
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It  witbont  clamping  uiitil  the  first  signal  came  from  the  observer  on  the  upper  rangi 
tie  tlien  clamped  the  vernier  plate  and  followed  the  float  by  turning  the  tangei 
<0crew  until  the  second  signal  came.  He  immediately  stopped  the  motion  of  the  sere* 
«nd  read  and  recorded  the  angle;  unclamping  the  vernier  plate,  he  again  caught  tl 
^oat  in  the  field  of  view,  and  followed  it  until  the  signals  came,  from  the  lower  rangi 
M'hen  the  manipulations  were  the  same  as  above. 

The  time  was  taken  with  an  ordinarv  watch  by  an  observer  at  the  transit  statioi 
"The  watob  was  read  at  each  crossing  signal.  Th^  difference  of  the  two  readings  wi 
^aken  for  the  time  of  passage.  To  aid  the  observer  in  reading  fractions  of  a  seoonc 
=tk  microscope  was  used.    By  means  of  it,  the  watch  could  be  read  to  quarter  seconds. 

A  discharge  measurement  with  floats  consisted  of  from  20  to  %  observations  dii 
tributed  equally  across  the  river. 

Ths  current  meter. — (1.)  When  anchored. — ^The  meter  was  handled  from  a  catamara 
swinging  from  the  launch  at  anchor.  The  latter  was  held  by  one  bow  anchor,  n 
quiring,  at  high  stages^  the  aid  of  the  engine  to  prevent  drifting. 

The  catamaran,  which  was  of  the  usual  construction,  was  connected  with  tb 
launch  in  the  following  manner:  The  ends  of  a  rope  were  attached  respectively  to  tk 
astern  kevels  of  the  launch,  allowing  a  few  feet  of  slack;  another  rope  was  similarl 
attached  to  the  outer  bow  kevels  ofthe  catamaran.  The  middle  points  of  these  we:: 
^connected  by  a  third  rope,  of  variable  length,  forming  a  double  Y,  thus: 


10^ 


The  whole  plant,  consisting  of  the  launch  and  catamaran,  together  with  the  ancla 
Tope,  was  free  to  swing  with  the  current.  The  distance  between  the  launch  and  cm 
«maran  was  varied  to  suit  the  requirements  of  the  wind,  and  the  depth  and  velocL 
*of  the  water.  It  was  necessary,  with  a  strong  up-stream  or  cross-stream  wind  and 
«low  oarrent,  to  bring  the  catamaran  in  close  proximity  to  the  launch.  The  greate 
distance  employed  was  abont  75  feet. 

The  meter  was  lowered  fh>m  the  back  part  of  the  catamaran.  To  do  this  it  w^ 
tirst  clamped  to  a  rod,  let  into  a  leaden  weight  of  60  pounds,  cylindrical  in  shapi 
On  the  upper  part  of  the  rod  was  a  movable  nng  for  attaching  the  lowering  wire. 

The  meter,  thus  clamped  to  the  rod  and  weight,  was  suspended  by  a  No.  11  anneale 

lateel  wire,  that  passed  ov^r  a  pulley  at  the  back  ofthe  catamaran,  and  thence  aronn 

«  reel  conveniently  near.    To  overcome,  a«  much  as  possible,  the  action  of  the  en 

vent  Id  carrying  the  meter  down  stream,  a  guy-cord  of  i  inch  cotton  was  att-ached  1 

the  rod  above  the  meter,  passed  over  a  pulley  at  the  stern  ofthe  launch,  and  thenc 

•around  a  second  reel  on  the  catamaran.    The  meter  was  lowered  or  raised  by  the  simu 

taneous  though  unequal  turns  of  the  two  reels.    The  relative  rates  at  which  tl 

two  reels  should  be  turned,  to  send  the  meter  down  vertically,  had  to  be  acquired  tei 

tatively,  rather  than  fh>m  computed  tables,  for  this  relation  varied  with  the  distant 

between  the  launch  and  the  catamaran,  and  also  with  the  velocity  ofthe  ourren 

The  dexterity  ofthe  men  at  the  reels  increased  with  experience,  the  man  at  the  gu 

reel  having  nothing  to  guide  him  but  the  tension  on  his  cord.    With  the  greatest  pi 

vision  the  meter  could  not  be  sent  down  on  a  vertical  in  high  stages  of  the  river, 

^wae  shown  by  the  difference  between  the  down  and  up  integrations.    However,  1 

^taking  the  mean  of  these,  there  was  practically  no  error  resulting  from  the  abo' 

rfaot. 

The  following  programme  was  carried  out  in  measuring  discharges  with  the  mete 

The  launch,  with  ^e  catamaran  tie^  close  astern,  was  run  some  distance  above  tl 

"•discharge  section,  the  distance  out  being  obtained  approximately  by  means  of  signs 

•«n  shore.    The  desired  position  having  been  reached,  the  anchor  was  cast  and  t 

%oat  allowed  to  drift  toward  the  discharge  section.    When  sufficiently  near  it,  t 

;t>oat  was  checked  by  fastening  the  anchor  rope  around  a  kevel,  and,  if  necei»ax 

t^starting  the  engine.    The  catiunaran  was  now  let  down  to  the  discharge  section,  1 

means  of  the  connecting  ropes  already  described.    The  sounding  was  taken  whi 

drifting  into  position,  the  lead  being  cast  in  time  for  the  line  to  become  verticsd  I 

fore  the  discharge  section  was  reacned.    The  observer  recorded  the  sounding,  ai 

measured  the  distance  from  shore  by  means  of  the  telemeter.    He  also  estimated, 

guess,  the  direction  and  force  of  the  wind.    The  depth  being  known,  the  number 

turns  of  the  main  lowering  reel  required  to  let  the  meter  to  the  bottom  could  be  es 

mated  approximately.    This  number  was  called  out  by  the  ob8er\'er,  and  the  men 

the  reels  prepared  for  integrating,  by  lowering  the  meter  until  the  buckets  w< 

Auirely  covered  with  water.    At  the  signal  **time"  ftom  the  observer,  the  meter  ^ 
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itorted  down  at  a  uniform  rate,  not  exceeding  one-half /oot  per  second,  the  man  at- 
the  main  reel  counting  the  turns.  At  the  instant  of  giving  signal  the  observer  notc^ 
the  watch  time,  and  started  the  electrical  register,  by  turning  on  the  switch. 

When  the  meter  reached  a  point  within  a  few  turns  of  the  bottom,  the  man  at  the* 
reel  called  out  ''ready.''  and  upon  feeling  the  weight  touch,  he  called  'Hime''  audi 
immediately  reversed  nis  reel.    When  the  time  signal  was  called,  the  observer  noted 
the  watch  time,  and  read  the  register  without  stopping  it. 

To  obtain  both  the  time  and  the  register  reading  correctly  required  some  skill,  espe> 
eially  daring  hi^h  water.  It  can  be  done  by  the  observer  keeping  in  mind  the  read- 
ing of  the  iMt  dial  only,  from  the  sound  of  the  register,  counting  the  ticks,  one,  half,. 
two,  half,  &c. 

When  time  is  called,  the  seconds  of  the  watch  time,  and  the  reading  of  the  last  dial 
of  the  register,  can  be  jotted  down  hastily,  while  the  hour  an^  minutes  of  the  tim^ 
ind  the  readings  of  tlie  remaining  dials  of  the  register  can  be  obtained  at  leisure.. 
With  a  little  practice  the  nearest  second  of  time  and  the  nearest  half  revolution  of 
the  meter  wheel  can  be  accurately  obtained  by  the  same  observer.  The  meter  wa». 
returned  to  the  surface  at  the  same  rate  as  that  of  the  descent,  the  man  at  the  reel 
calling  ''time"  when  the  starting  point  was  reached.  The  observer  again  read  the^ 
wateh  and  stopped  the  register,  recording  the  readings  of  both. 

If  the  results  of  integration  were  satisfactory,  the  meter  was  now  lowered  for  mid- 
depth  observations.  This  was  done  by  giving  the  main  reel  one-half  the  number  of 
tnrni  required  to  send  the  meter  to  the  bottom.  The  meter  was  run  at  mid-depth  for 
at  least  five  minntes,  the  register  being  read  at  the  end  of  each  minute,  when  it 
wMposiible  to  hold  the  boats  in  one  position  the  meter  was  run  a  whole  nnmber  of 
minntes  at  mid-depth;  otherwise  it  was  run  as  described  in  the  method  without 
anchoriug. 

Great  care  was  exercised  by  the  engineer  and  steersman  to  hold  the  boats  in  on^ 

eMtion  during  the  observation,  using  the  engine  when  necessary  to  assist  the  anchor.. 
?en  when  not  needed  the  engine  was  kept  moving  slowly,  except  in  extreme  low 
water,  in  order  to  prevent  the  wheel  of  the  launch  from  retarding  the  current  near 
the  Borface.    In  extreme  low  water  the  engine  could  not  be  run  without  changing: 
the  position  of  the  boat. 

Tie  emrrent  meter. — (2.)  Without  anchoring. — Only  mid-depth  observations  wef6« 
taken  in  this  way,  and  at  times  when  anchoring  was  not  practicable.  The  metbodE 
differs  bnt  slightly  from  that  given  above.  After  drifting  into  position,  the  sounding.- 
having  been  taken,  the  launch  was  held  as  nearly  in  one  position  as  was  possible  by 
the  carefnl  watchfulness  of  the  steersman  and  engineer.  The  meter  being  lowered  to^ 
mid-depth,  as  estimated  from  the  sounding,  the  catamaran  was  brought  to  the  gang- 
ing section,  when  the  time  was  noted  and  tbe  register  started.  The  engineer,  stand- 
ingwith  his  hand  on  the  throttle-valve,  was  able  to  keep  the  boat  almost  on  the  same- 
nmgednring  the  observation.  If,  however,  at  the  end  of  five  minutes,  the  catamaratt: 
ihoald  be  a  little  above  or  below  the  gauging  section  it  was  brought  into  position,. 
when  the  time  was  again  noted  and  the  register  stopped.  The  readings  of  the  latter- 
were  taken  and  recorded  at  the  end  of  each  minute,  and  also  at  the  close  of  the  ob- 
eer?ation. 

The  fact  of  starting  and  stopping  the  meter  register  on  the  same  range  practically 
deitroyed  the  effects  of  any  movement  up  and  down  stream  during  the  observation*. 
The  errors  due  to  lateral  movement  are  not  so  easily  compensated,  as  the  rate  of  the- 
iMter  is  accelerated  by  a  movement  in  either  direction.  Such  errors  were  compara- 
tively smaU^  however,  except  in  cases  of  very  high  wind,  when  the  boat  was  liable  to» 
*luft  its  position  to  a  considerable  extent  in  a  lateral  direction. 

A  set  of  discharge  observations  with  the  meter,  consisted  of  velocities  at  mid-deptb 
uid  by  integration,  when  anchored,  and  at  mid-depth  when  not  anchored,  at  from  li^ 
to  15  itations  across  the  river  on  the  gauging  section.    A  sounding  was  taken  at  eaclk 
■^ioQ ;  as  the  bottom  was  very  even,  this  was  thought  sufficient  to  give  a  correct, 
u^  of  the  section. 

METERS  AND  METER-RATINO. 

The  £I]is  meter  was  employed  exclusively.  During  the  year  Nos.  3,  6,  and  23  wero' 
QMd  at  different  periods.  At  times  the  meter  in  use  was  not  iu  the  best  of  order^ 
owing  to  the  exceeding  delicacy  of  the  instrument  and  the  want  of  a  person  capable^ 
of  repairing  it.  The  errors  that  might  arise  from  this  source  were  reduced  as  much  a». 
poMiole  by  frec^uent  ratings.  The  same  meter  was  seldom  used  longer  than  two  weeks, 
without  receiving  a  thorough  rating,  and  when  thought  advisable  it  was  sent  to  Saint 
l^Dis  for  repairs.  With  the  greatest  precaution  it  was  impossible  to  keep  the  meter- 
in  perfect  order  at  all  times,  and  consequently  the  frictionai  quantity  will  be  foundi 
rather  large  in  some  of  the  equations. 

Method  of  rating  the  meter.— The  rating  was  made  in  the  still  water  of  a  ]K>nd  about- 
4  feet  deep.    The  meter  was  attached  to  an  iron  rod  secured  in  a  vertical  position  at. 
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the  bow  of  a  skiif,  and  immersed  to  a  depth  of  aboat  2|  feet.  The  skififi  with  the 
meter  thns  attached,  was  drawn  throuffh  the  water  at  a  nniform  velocity  by  a  man 
walking  or  mnnin^  with  even  steps,  holding  a  rope  attached  to  the  bow.  The  time 
snd  revolutions  ot  the  wheel  were  taken  over  a  distance  of  150  feet  in  most  of  the 
ratings.  A  complete  rating  consisted  of  from  twelve  to  twenty  such  observations,  the 
rate  of  the  skiff  varying  from  three-quarters  of  a  foot  to  10  feet  per  second. 

The  method  of  timing  in  rating  was  as  follows:  When  practicable,  two  ranges  were 
laid  off  at  right  angles  to  the  path  of  the  skiff  and  the  proper  distance  apart.  On 
«ach  of  these  an  observer  was  stationed,  who  called  '*  time*'  wnen  the  meter  rod  passed 
his  range.  The  register  and  watch  readings  were  taken  by  the  observer  in  the  skiff 
in  accordance  with  these  signals.  In  many  of  the  ratings  this  method  was  not  prac- 
ticable, owing  to  the  irregular  shape  of  the  pond.  In  this  case  the  signals  were  given 
on  two  tags  placed  oi\the  rope  used  for  drawing  the  skiff,  'Hime"  being  called  as  they 
passed  a  certain  point. 

This  method  was  probably  as  accurate  as  the  former,  as  great  care  was  taken  to 
liave  the  rope  stretched  when  the  signals  were  given. 

The  equations  were  derived  from  the  results  of  rating  by  the  method  of  least 
squares  as  famished  from  the  office. 

Vertical  velocity  curvee.  —  The  observations  for  the  vertical  velocity  curves  were 
always  taken  at  some  one  of  the  discharge  stations,  and  in  connection  with  that  work, 
jifter  completing  the  mid  depth  observations  at  a  station,  when  it  was  desired  to 
take  a  vertical  curve,  the  meter  was  immersed  about  6  inches,  and  an  observation  of 
one  minute  made.  It  was  then  lowered  successively  a  distance  <5brrespondin^  to  some 
whole  number  of  turns  of  the  main  lowering  reel,  and  one  minute's  observation  made 
at  each  point.  This  was  kept  up  until  a  point  was  reached  as  near  the  bottom  as 
It  was  practicable  to  run  the  meter.  The  points  in  the  curves  were  usually  taken 
from  3  to  5  feet  apart.  The  distance  was  obtained  in  feet  by  taking  such  a  part  of 
the  sounding,  as  the  number  of  turns  between  points  was  of  the  whole  number  of 
turns  from  the  surface  to  the  bottom.  These  observations  were  made  at  different 
discharge  stations  from  day  to  day,  and  as  these  varied  iu  position,  there  is  a  com- 
plete distribution  of  the  curves  across  the  river,  including  all  depths  and  velocities. 

Trartbveree  velocity  curves, — The  transverse  velocity  observations  were  made  on  a  range 
located  in  the  first  bend  above  Columbus.  The  range  was  above  the  large  eddy  on 
the  Kentucky  shore,  but  entered  slaokwater  on  that  side,  at  high  stages  of  the  river. 
The  observations  were  made  with  the  meter,  run  in  front  of  the  launch,  not  at 
Anchor,  but  held  in  position  with  steam.    The  method  was  as  follows: 

The  meter,  being  clamped  to  its  rod  and  weight  as  previously  described,  was  sus- 

r»nded  by  a  wire  that  passed  over  a  pulley  in  the  end  of  a  beam  that  projected  about 
feet  in  front  of  the  bow  of  the  launch.  The  wire  passed  thence  around  a  reel  on 
the  launch,  by  means  of  which  the  meter  was  raised  and  lowered.  The  launch,  with 
the  meter  thus  arranged,  was  steamed  above  the  range  some  distance,  when  the 
ongine  was  checked  and  the  meter  lowered  to  a  position  about  6  feet  below  the  sur- 
face. The  launch  was  now  allowed  to  drop  slowly  to  line.  When  the  flagman,  who 
was  stationed  in  the  bow,  reached  the  range,  he  called  *'  time.''  The  register  was 
then  starte<l  and  the  watch  time  noted ;  at  the  same  time  the  sjteed  of  the  engine 
was  increased  sufficiently  to  hold  the  boat  on  range.  After  a  run  of  about  three 
minutes,  during^  which  time  the  boat  was  held  as  nearly  in  one  position  as  practicable 
without  anchoring,  the  flagman  was  again  brought  to  range.  He  called  'Hime,"  and 
the  register  was  stopped,  and  its  reading,  with  that  of  the  watch,  taken  and  recorded. 
The  position  of  the  launch  was  located  oy  a  transitman  on  shore,  who  took  his  angles 
on  the  flagman  at  the  drop  of  the  flag.  His  instrument  was  stationed  at  the  end  of 
a  540 -foot  base,  laid  off  at  right  angles  to  the  range.  After  and  including  September 
11th  the  angles  were  taken  with  a  goniometer. 

A  set  of  transveise  velocity  observations  consisted  of  velocities  obtained  as  above 
St  from  30  to  35  points  distributed  at  equal  intervals  across  the  river.  Soundings 
were  also  taken  at  each  station,  as  the  launch  drifted  across  the  range,  and  the  shore 
lines  were  located  in  each  set  of  observations. 

Longitudinal  eoundinge. — ^The  longitudinal  soundings  were  made  over  a  reach  of  500 
feet,  extending  250  feet  above  and  below  the  gauging  section.  A  set  of  observations 
oousisted  of  from  12  to  15  lines  of  soundings,  made  from  a  floating  skiff  in  the  fol- 
lowing manner: 

The  skiff  having  been  set  adrift  some  distance  above  the  upper  range  of  the  reach, 
the  leadsman  took  his  position  in  the  bow,  and  cast  his  lead  in  time  for  the  line  te 
become  vertical  before  reaching  the  range.  As  soon  as  'Hi me  '^  was  called  by  the  flag- 
man, he  commenced  sounding  at  as  short  intervals  as  was  desired,  raising  and  lower- 
ing his  lead  as  much  as  was  required  by  the  irregular  contour  of  the  bed  of  the  river. 
IVhenever  in  his  judgment  the  skiff  was  drifting  too  fast  or  too  slow  for  the  lead-line 
to  maintain  its  vertical  position,  he  called  out  to  the  boatman  to  ''hold  up"  or  *'  back," 
«aying  ''all  right"  when  the  boat  was  brought  to  the  proper  position.  The  sound- 
ings were  recorded  by  an  observer  in  the  stern  of  the  skiff,  who  also  noted  the  time 
"  crossing  the  ranges. 
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The  skiff  was  located  by  a  tranaitman  on  shore,  at  4  points  in  its  path :  on  the  upper 
and  lower  ranges,  and  on  two  ranges  200  and  300  feet  respectively  from  the  upper 
range.  By  means  of  back  and  front  signals  on  each  of  the  ranges,  the  flagman  sig- 
naled to  the  obsenrer  at  the  transit  when  the  skiff  was  on  line.  The  angle  was  taken 
on  the  flagman,  who  sat  near  the  leadsman.  From  50  to  150  soandings  were  taken 
oil  each  line  of  500  feet ;  sometimes  the  number  was  even  greater  in  very  low  water. 
Prt'vious  to  receiving  the  transit,  March  1,  the  boat  was  located  in  only  one  point  of 
itfi  path,  midway  between  the  second  and  third  ranges,  by  means  of  the  telemeter. 
After  and  incluaing  September  8  the  angles  were  taken  with  a  goniometer,  from  the 
station  previously  occupied  by  the  transit. 

CroM-«0ctioii  towndings. — Frequent  soundings  were  made  of  a  section,  located  in 
Beckwith's  Bend,  12  miles  below  Columbus,  for  the  purpose  of  determining  the 
amount  of  scour  or  fill  in  sharp  bends,  corresponding  to  certain  changes  in  the  gauge. 
The  soundings  were  all  taken  while  drifting,  either  from  the  launch  or  a  skiff.  From 
GO  to  75  soundings  were  made  at  a  time,  distributed  at  equal  intervals  across  the  river. 
They  were  located  by  a  transitman  on  shore,  stationed  at  the  end  of  a  600-foot  base. 
The  angles  were  taken  on  a  flagman,  stationed  near  the  leadsman.  There  was  also  a 
flagman  on  shore  to  give  range.  After  the  transit  was  taken  away  in  August,  the 
soniometer  was  used  for  taking  the  angles.  It  was  stationed  on  a  new  base  line  of 
1,020  feet  in  length.  In  order  to  ascertain  the  character  of  the  fill,  specimens  of  the 
Mittom  were  taken  at  each  sounding  by  means  of  a  soaped  lead. 

IN8TRUMKNT8   CONSTRUCTED. 

Tefesief«r. — PMvious  to  March  1  no  transit,  sextant,  or  level  had  been  furnished 
the  party.  It  was  therefore  necessary  to  contrive  some  means  by  which  observation 
stations  could  be  located.  This  necessity  gave  rise  to  the  construction  and  use  of 
what  has  been  denominated  the  telemeter.  It  consisted  of  a  wooden  box,  having 
two  of  its  faces  parallel  trapezoids,  two  of  them  inclined  rectangles,  the  remaining 
two.  the  ends,  being  parallel  rectangles.  The  inside  dimensions  were  about  as  fol- 
lows: length,  2  feet;  cross-section  at  the  smaller  end,  2  by  3  inches;  cross-section  at 
the  larger  end,  2  by  10  inches.  At  the  smaller  end  of  the  box  was  an  eye-piece,  which 
consisted  of  a  cylindrical  block  of  wood  with  a  small  aperture  or  peep-hole. 

In  the  larger  end  was  a  longitudinal  opening  the  full  width  of  the  box  and  aboat 

I  inch  in  width.    It  occupied  the  middle  line  of  the  end  of  the  box,  and  through  it 

<U8tant  ebjects  could  be  seen  by  looking  through  the  eye-piece.    Inside  the  box  was 

SBliding  reticule  that  contained  a  pair  of  fine  parallel  wires.    It  was  arranged  to 

dide  Along  the  central  line  of  the  inclosed  space  and  from  one  end  to  the  other.    On 

top  of  the  reticule  was  an  upright  post  that  moved  in  an  opening  in  the  upper  face  of 

Ui«  box,  and  terminated  in  a  rectang^ular  block  of  wood  that  moved  along  on  top  of 

the  box.    This  was  used  as  a  vernier  piece.    The  top  of  the  box  was  graduated  so 

that  by  means  of  the  vernier  the  instrument  could  be  reAd  to  single  feet.    The  grad- 

QstioD  was  made  in  the  following  manner:  Two  signals  were  erected  at  a  distance  of 

50  feet  apart.    The  distance  was  arbitrarily  chosen  as  the  most  convenient.    From 

the  middle  point  of  the  line  joining  the  signals  a  perpendicular  was  laid  off.     On  this 

two  points  were  located,  one  400  feet  and  the  other  1,200  feet  distant.    At  each  of 

tiie  points  there  was  made  a  series  of  observations  to  determine  the  exact  location  of 

the  400  and  1,200  foot  marks  of  the  graduation  on  top  of  the  box.    In  each  of  these 

obterrstions  the  box  was  held  so  that  the  signals  ooula  be  seen  when  looking  through 

the  peep-hole  with  the  eye  conveniently  near  it.    The  reticule  was  then  moved,  if 

B*c«isftry,  by  taking  hold  of  the  vernier  piece  on  top,  until  the  wires  were  brought, 

Rspectively,  in  line  with  the  signals.    The  position  of  the  zero  of  the  vernier  was 

then  marked  on  the  box. 

The  mean  of  all  the  observations  made  in  this  way  was  taken  as  the  mark  of  grad- 
Qfttion  eoaght.  Having  found  the  400  and  the  1,200-foot  marks,  the  remaining  nun* 
u«d-foot  marks  were  obtained  by  dividing  the  space  into  8  equal  parts.  Each  of  these 
Q^Mee  was  subdivided  into  10  equal  parts  for  the  10-foot  marks. 

The  graduation  for  distances  less  than  400  feet,  and  greater  than  1,200  feet,  was 
Dade  by  actual  measurement  with  a  scale,  the  spaces  being  proportional  to  the  dis- 
t*ncee.  In  order  to  use  the  telemeter  in  measuring  distances  on  the  river,  signals 
were  pat  up  on  both  shores,  at  a  distance  of  50  feet  apart.  Back  signals  were  erected 
*o  that  the  observer  could  tell  when  he  was  midway  between  the  ranges,  that  being 
oocewary  to  perfect  accuracy.  A  slight  deviation  either  way  made  no  appreciable 
^rror  in  long  distances.  To  measure  a  distance,  the  observer  brought  the  box  to  a 
horizontal  position,  the  wires  then  being  vertical.  Placing  his  eye  at  the  peep-hole, 
he  swung  the  box,  if  necessary,  until  the  signals  came  into  the  field  of  view.  He 
then  moved  the  slidine  vernier  on  top  of  the  box,  until  the  wires  were  brought  in 
hne  respectively  with  the  signals.  Being  careful  not  to  move  the  vernier,  he  lowered 
the  box  sufficiently  to  read  the  distance.  The  instrument  was  not  capable  of  mensur- 
^^%  distances  greater  than  about  1,600  feet  with  accuracy.  For  this  reason,  signals 
were  placed  on  both  shores  and  measurements  made  each  way.  The  accuracy  with 
^hich  distances  could  be  measured  with  the  telemeter,  depended  upon  the  stabililj 


200  BEPORT   OF   THE   MISSISSIPPI   BIVER   COMMISSION. 

of  the  obseryer's position,  and  the  couseqaent  nicety  with  which  the  wires  could  be 
broaght  into  line  with  the  signals.  In  windy  weather  this  was  somewhat  difficult, 
but  ^eat  skill  was  acquired  by  practioei  and  a  very  close  approximation  could  be 
obtained  at  all  times.  Much  greater  accuracy  could  be  obtained  on  land,  when  a  stable 
rest  could  be  had,  and  it  was  possible  to  measure  distances  accurately  to  within  3  feet. 

Ofmiameter.—Tlda  was  a  plane  table  with  a  revolving  alidade,  and  was  arranged  for 
centering  by  means  of  a  plumb-bob  attached  beneath  the  point  of  revolution.  This 
point  was  taken  as  the  center  of  an  arc  described  on  the  table  with  a  radius  of  25 
inches.  Angles  were  taken  with  the  goniometer  by  measuring  the  chords  of  the  in- 
cluded arcs.  The  angle  corresponding  to  a  measured  chord  was  taken  from  Qillespie's 
tables.  Any  point  in  the  arc  could  be  taken  for  the  zero  point,  and  the  chords  meaa- 
ured  from  it.  lliis  was  a  matter  of  sreat  convenience  in  setting  up  the  instrument. 
To  measure  an  angle  on  a  moving  object,  the  eye  was  brought  to  the  peep-sight  and 
the  alidade  revolved  so  as  to  keep  the  vertical  wire  in  line  with  the  object.  When 
the  signal  was  given,  the  motion  was  stopped,  and  the  intersection  of  the  hue  of  sight 
with  the  arc  marked  with  a  well  diarpened  pencil.  The  chord  was  then  measured 
with  a  triangular  scale.  If  the  chord  was  too  long  for  the  scale^  the  included  arc  was 
divided  into  two  or  more  parts^  and  the  sum  of  the  corresponding  angles  taken.  Thia 
prevented  the  use  of  a  ruler  being  necessary.  Under  favorable  conditions  a  tolerably 
close  desree  of  approximation  could  be  attained  with  the  goniometer. 

Semarfea. — On  the  11th  of  October  instructions  were  received  to  turn  over  to  my 
recorder,  J.  H.  Field,  all  instructions  and  en^neering  property,  and  rexK>rt  at  Saint 
Louis  at  the  earliest  convenience  for  other  duties.  The  remainder  of  the  observations^ 
which  were  continued  till  November  25th,  were  in  charge  of  Mr.  Field,  who  for  some 
time  previous  had  conducted  the  field-work  of  the  discharge  observations. 

After  the  meter  came  into  constant  use  in  March  the  field-work  did  not  require  the 
full  attention  of  both  assistant  and  recorder.  After  that  date  a  large  part  of  the 
assistant's  time  was  occupied  in  computing  discharges  and  doing  other  office  work. 
At  the  time  of  leaving  the  work  the  discharges  had  been  computed  up  to  date,  with 
the  exception  of  about  8  weeks.  The  remainder  of  the  computations  were  made  in 
the  office  under  your  immediate  supervision.  At  the  time  of  leaving  the  work  none 
of  the  notes  in  connection  with  velocity  curves  and  cross-section  and  longitudinal 
soundings  had  been  reduced,  excepting  one  set  of  longitudinal  soundings,  wnich  had 
been  plotted  and  a  tracing  made. 

The  success  of  the  work  depended  largely  upon  the  ability  to  make  the  best  use  of 
the  means  at  hand  for  accomplishing  a  particular  purpose.  The  more  inadequate  the 
means,  the  greater  the  dexterity  of  judgment  required. 

The  roost  perplexing  problems  often  presented  themselves,  inasmuch  as  the  magni- 
tude of  the  work  was  probably  underestimated  in  the  outset.  The  greatest  exertion 
was  made  to  obtain  the  best  results  possible  with  the  methods  employed.  Much  de- 
pended upon  the  individual  members  of  the  party,  who,  with  few  exceptions,  were 
always  prompt  and  true  to  duty.  They  were  J.  H.  Field,  recorder ;  H.  A.  Wilson, 
steersman ;  W.  J.  Wilder,  engineer ;  John  Y.  Bandy,  A.  J.  Wilder,  and  John  Q.  Hamil- 
ton, boatmen. 

Respectfully  submitted. 

J.  H.  DAVIS, 

A89i$tant  Engineer. 

First  Lieut.  Smith  S.  Leach, 

Secretary  MiseUeippi  Biver  Commission, 

Discharge  ObservationSf  Columbus,  Ky, 

The  discharge  computations  for  this  station  were  made  in  the  field,  and  by  the  fol- 
lowing method,  viz:  The  cross-sections  and  positions  of  velocity  observations  were 
plotted  on  cross-section  paper,  the  cross  sections  divided  into  partial  sections  and  their 
areas  determined  by  counting  the  squares. 

The  meter  velocities  were  determined  by  ratings  frequently  taken. 

Bod  float  velocities  were  reduced  by  Francis'  formula.  Many  of  the  abrupt  chaugee 
in  area  are  probably  due  to  change  in  method  of  taking  observations;  a  change  in 
method  usually  resulting  in  a  marked  change  in  the  number  and  position  of  the  cross- 
section  soundings,  and  often  in  the  values  of  the  soundings  themselves.  The  largest 
number  of  sounaings  were  taken  in  rod-float  observations. 

The  gauge  readings  on  ''discharge  days"  are  mean  readings  for  the  time  occupied  in 
taking  ooservations.  On  ''no  discharge  days'' the  noon  reading  is  recorded;  noon 
being  about  the  mean  time  of  field  observations. 

Datum  plane  was  taken  at  a  gauge  reading  of  102.627  feet. 

Datum  width,  2,694  feet. 

Datum  area  191,680  square  feet,  as  observed  on  February  28. 

Datum  areas  for  other  days  were  determined  by  successively  adding  and  subtracting 
scours  and  fills. 

Mean  depth  was  determined  by  dividing  water  area  by  water  width,  and  datum  depth 
by  a  similar  process. 
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Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  July  16)  1883 

Sir:  In  accordance  with  your  letter  of  April  26  inclosing  a  copy  of  a  letter  from  1 
president  of  the  River  Commission,  I  have  the  honor  to  submit  the  following  report 
an  appendix  to  my  report  on  the  Columbns  observations: 

The  information  requested  was  an  opinion  as  to  the  relative  accuracy,  reliabilil 
and  economy  of  the  methods  of  ganging  by  double  floats,  by  a  vertical  rod,  and  b; 
meter,  with  suggestions  as  t4>  improvements  in  the  methods  used. 

Relative  accuracy. — This  part  of  the  subject  will  be  considered  by  first  pointing « 
Home  of  the  sources  of  inaccuracy  in  the  difiereut  methods,  and  tnen  drawing  so 
conclusions  as  to  the  adaptability  of  each  to  certain  conditions. 

I.  Method  by  double  floats.  There  are  two  probable  sources  of  error  in  this  methc 
first,  the  necessity  of  assuming  the  mean  velocity  in  a  vertical  plane  at  some  fis 
depth,  corrected,  perhaps,  by  some  given  formula:  and, second,  the  possible  inabil 
to  measure  the  velocity  correctly  at  the  assumed  depth. 

(1)  By  an  examination  of  observations  made  on  velocities  in  a  vertical  plane,  ii 
found  that  there  is  no  fixed  relation  between  the  velocities  at  different  depths.  T 
is  especially  the  case  in  silt-bearing  streams,  such  as  the  Lower  Mississippi,  where  1 
conditions  are  so  numerous  and  unstable.  Any  method  of  determining  a  mean  veloc 
in  a  vertical  plane  must  therefore  provide  for  measuring  it  in  a  great  number  of  poi 
ill  that  plane,  if  perfect  accuracy  be  desired.  The  double-float  method,  which  provi^ 
for  measuring  the  velocity  in  but  one  point  in  the  vertical,  can  lay  little  claim 
accuracy,  when  viewed  from  a  theoretical  standpoint.  It  is  believed  that  the  resu' 
if  closely  examined,  will  also  fall  behind  when  viewed  from  a  practical  standpoL 
The  experiments  made  with  the  meter,  in  determining  vertical  curves,  will,  wl 
reduced,  furnish  additional  information  on  this  subject.  It  is  believed  that  they  v 
hhow  material  variations  from  day  fo  day  in  the^ relative  velocities  in  a  vertical  pla. 
especially  where  bottom  changes  are  going  on.  If  so,  no  method  can  be  relied  on 
perfect  accuracy  that  takes  into  account  only  a  small  part  of  the  vertical  section. 

(2)  There  is  also  some  doubt  as  to  the  accuracy  with  which  a  velocity  at  any  p 
ticular  depth  can  be  measured  by  the  double-float  method.  During  the  observati^ 
made  at  Fulton.  Tenn.,  by  Assistant  W.  H.  Powless,  it  was  my  duty  for  several  moa. 
to  give  personal  attention  to  the  manipulation  of  the  floats.  It  gave  an  excell* 
opportunity  for  observing  their  movements  in  water.  I  was  led  to  believe  that- 
times  the  surface  and  sub&urface  parts  were  acted  upon  by  almost  opposite  fore 
At  times  the  surface  float  would  be  suddenly  drawn  to  right  or  left,  in  which  caw 
would  be  considerably  inclined  and  partially  immersed.  Sometimes  it  would  incl 
backward  or  forward.  In  each  of  these  cases  the  sorface  float  had  a  powerful  ini 
ence  in  retarding  or  aobelerating  the  sub-float,  the  velocity  of  the  former  not  rep 
senting  the  correct  velocity  of  the  water  in  the  vicinity  of  the  latt«r.  The  abc 
indications  were  frequently  noticeable  in  high  water.  Sometimes  also  in  high  wa 
the  subfloat  was  apparently  held  up,  the  assumed  immersion  not  being  reach. 
This  was  shown  by  the  fact  that  several  feet  of  wire  were  sometimes  taken  in  bef 
there  was  any  appreciable  weight  of  the  subfloat.  By  an  examination  of  the  vertl 
velocity  observations  at  Fnlton,  Tenn.,  it  will  be  found  that  in  the  sets  In  which  t 
or  more  floats  were  run  at  the  same  depth  the  velocities  differ  from  1  to  15  per  ce 

In  these  observations  the  boat  was  anchored,  and  the  floats  all  started  from  1 
same  point,  their  paths  varying  but  slightly  across  the  ranges.  The  Fulton  obser 
tions  have  been  selected,  inasmuch  as  they  are  probably  the  best  that  have  been  m« 
with  double  floats  on  the  Mississippi  River 

II.  Method  by  rod-floats.  Within  certain  limits  of  depth  the  vertical  rod  is  ys 
adapted  to  measuring  the  mean  velocity  accurately,  being  acted  upon  by  the  wh« 
body  of  water  in  a  vertical  plane.  Where  the  float  ean  be  run  of  sufiicient  length 
nearly  touch  bottom,  there  is  but  a  small  source  of  error  due  to  the  corrections  to 
made.  Where  due  care  is  taken  in  the  iiianipulation,  allowing  full  time  for  the  fli 
to  acquire  a  uniform  movement  and  erect  position  before  entering  upon  its  measui 
path,  little  variatioi\  should  be  expected  from  a  series  of  observations  in  the  sa 
V>lane.  A  very  small  per  cent,  of  variation  was  found  in  the  observations  made  w 
the  plant  at  Grafton,  111.,  where  six  rods  of  the  same  length  were  run  from  each  si 
tion.  As  to  the  two  methods  of  locating  instrumen tally,  and  obtaining  the  length 
path  by  the  plant,  used  on  the  Upper  Mississippi,  the  latter  is  preferable  where  t 
«lei>tb  does  not  exceed  about  25  feet;  beyoud  that  depth  there  is  difficulty  in  putti 
out  the  float  so  as  to  acquire  its  equilibrium  before  entering  upon  the  measured  pa 
A  rod-float  of  more  than  35  or  40  feet  in  length  can  not  be  handled  successful 
Hence  for  river  depths  greater  than  about  40  feet,  the  method  loses  in  accura* 
'I'he  same  objection  then  comes  in  that  has  been  presented  in  connection  with  doul 
floats,  viz.,  that  only  a  part  of  the  vertical  velocity  section  is  measured. 

III.  Method  by  the  current  meter.  There  is  a  good  deal  of  room  for  improvem< 
in  the  current  meter  for  eflVctive  work  on  the  Lower  Mississippi.  Some  improvemi 
has  no  doubt  been  made  recently  in  this  direction.     My  experience  is  confined  to  1 
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Ellis  meter.  The  chief  objection  to  the  method  as  used  by  me  rests  with  the  iuHtru- 
ment  itself.  The  objection  presented  to  the  rod-float  and  the  double-float  methods 
doeesot  And  a  place  in  the  method  with  the  meter.  It  is  possible  to  obtain  results 
at  all  depths  in  a  veitical  plane  within  reasonable  limits.  Tlie  only  question  that 
remaius  is  the  accuracy  with  which  a  velocity  can  be  measured  at  any  particular 
depth.  Under  certain  conditions  great  accuracy  may  be  attained  with  the  Ellis  meter. 
In  a  clear  stream,  of  not  too  great  velocity  or  depth,  the  meter,  having  been  carefully 
adJQsted  and  rated,  will  do  accurate  work,  and  will  continue  to  so  long  as  the  fric- 
tioD  remains  constant.  It  is  easily  handled,  with  suitable  plant,  and  can  be  relied 
OD.  But  in  such  a  stream  as  the  Slississippi,  at  high  water,  with  its  great  depth  and 
velocity,  its  silt  and  floating  material,  the  instrument  is  entirely  unsnited  t«  the  work. 
That  a  constant  friction  cannot  be  maintained  under  such  conditions  can  hardly  admit 
ofadonbt  to  any  one  who  has  had  an  extended  experience.  There  isnothingto  pre- 
vent the  journal-box  from  catching  fine  particles  of  sand,  that  not  only  increase  the 
frictiou  at  the  time,  but  pro<luce  a  constant  wearing  eftect  that  results  in  a  perma- 
nent increase  of  friction.  The  mercunr  contact,  as  used  at  Columbus,  is  another 
«ource  of  variable  friction,  on  account  of  certain  parts  of  it  that  catch  the  sediment,  a 
slight  binding  efl'ect  being  the  result.  This  change  of  friction  can  be  detected  by 
holding  the  instrument  in  the  wind  at  frequent  intervals  during  a  set  of  observations. 
The  velocity  of  wind  required  to  turn  the  wheel  will  be  found  to  vary  materially.  A 
thorongh  cleansing  will  often  remove  the  ditliculty  temporarily.  These  ditt'crences  of 
friction  are  not  to  be  found  in  the  equations,  as  the  meter  was  always  rated  in  clear 
water.  The  Ellis  meter  is  very  delicate,  and  is  subject  to  be  entirely  destroyed  by 
floating  logs.  From  my  experience  I  think  it  possible  to  construct  a  nietcr  that  will 
be  free  from  most  of  the  imperfections  mentioned. 

There  is  a  considerable  source  of  error  in  using  any  meter  without  anchoring.  This 
is  especially  the  case  in  windy  weather,  when  it  is  injpossible  to  avoid  lateral  move- 
ment. The  rate  of  the  meter  is  increased  by  a  movement  in  either  direction  ;  hei>ce 
there  is  no  way  of  compensation.  This  error  is  likely  to  be  considerable  with  a 
strong  wind  and  slow  current.  For  instance,  a  movement  of  a  hundred  feet  would 
not  be  unreasonable,  with  a  brisk  wind,  during  a  five-minute  observation.  Tliat 
would  correspond  to  about  twenty-five  revolutions  of  the  meter-wheel,  an  average  of 
five  revelations  per  minnte.  If  the  meter  should  make  but  thirty  revolutions  ])er 
minnte.  not  an  unreasonable  supposition,  the  error  would  be  2D  per  cent.  Such  errors 
might  be  practically  avoided  by  locating  the  position  of  the  ooat  as  frequently  as 
possible,  and  correcting  the  velocities  accordingly.  The  error  from  this  source  dimiu- 
uhes  as  the  velocity  increases. 

ConcluMonti, — Of  the  three  methods,  the  double  float  is  considered  the  least  accurate, 
hntoapable  of  producing  fair  results  in  a  stream  of  even  banks  and  bed.  In  a  clear  ' 
stream  of  limited  depth,  the  methods  by  ro<l-floats  and  meter  are,  perhaps,  equally 
accurate;  when  sediment  is  contained  in  any  considerable  quantity,  the  former  of 
these  is  preferable.  At  high-water  stages  on  the  Lower  Mississippi  none  of  the 
methods  can  be  relied  on  for  perfect  accuracv.  In  extreme  high  wat«r  rod-floats  are 
considered  preferable  to  the  Ellis  meter.  I  liave  no  doubt  but  that  a  meter  may  be 
80  constructed  and  manipulated  as  to  do  comparatively  accurate  work  at  all  stages 
in  the  Lower  Mississippi. 

BtHability. — As  to  the  reliability,  the  method  by  rod-floats  seems  to  have  the  ad- 
vantage, although  that  with  the  meter  may  be  equally  good  within  limits.  From  the 
fecta  already  presented,  the  double-float  method  is  considered  very  unreliable  at  high- 
water  stages,  and  reliable  only  in  a  limited  degree  at  all  stages. 

Economy.— When  an  anchorage,  similar  to  that  employed  on  the  Up[>er  Mississippi, 
canbeusled,  the  methods  by  rod-float  and  current-meter  are  equally  expensive,  either 
one  being  less  so  than  that  ^y  double  floats.  Free  rod -floats  and  double  floats,  located 
instrumentally,  are  equally  expensive.  In  high  water,  when  the  use  of  a  launch  is 
necessary,  the  method  by  meter  is  the  cheapest  method  of  all. 

No  suggestions  as  to  improvements  will  be  offered. 

Respectfullv  submitted. 

J.  H.  DAVIS, 

Jasistant  Engineer. 

First  Lieut.  Smith  S.  Leach, 

Secretary  Mi^aisaippi  Kiver  CommiaHon. 


3.— At  Helkna,  Ark.,  F.  A^  Yeager,|Assistant  in  Charge. 

HoTCHKiss,  Tenn.,  June  12,  1883. 

Sir:  Iu  reply  to  your  letter  containing  instructions  from  president  of  Commission 
<»nceming  reports,  &c.,  of  different  methods  of  gauging,  I  have  to  say  that  I  did  not 
^ork  up  my  notes  at  Helena,  so  know  nothing  of  the  results.  During  the  latter  part 
of  my  stay  there  I  ran  rod-floats  and  the  meter  at  the  same  time. 
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I^hese  observations  show  tmly  the  comparative  accuracy  of  the  methods.  Id 
runniDg  rods  I  used  the  *' plant ^'  from  stern  of  launch.  This  can  be  done,  without 
loss  of  time,  while  the  meter  observations  are  being  recorded.  The  plant  is  easily 
towed  by  placing  the  buoyed  end  in  a  skiff.  The  lannch  I  had  at  Helena  was- 
admirably  adapted  to  the  use  of  gauging,  and  I  found  it  perfectly  safe  at  all  times. 
Very  respectfully,  your  obedient  servant, 

F.  A.  YEAGER, 

Asftistant  Engineer. 

First  Lieut.  Smith  S.  Leach, 

Secretary  MisexsHppi  Rirer  Commisaian. 

Discharge  ohservationSy  Heltnaj  Ark, 

The  method  of  computing  discharges  at  Helena,  Ark.,  was  as  follows  : 

The  cross-sections  were  plotted  on  cross-section  paper,  and  their  areas  found  by 
counting  squares.     Scale,  45  feet  horizontal,  20  feet  vertical,  per  square  or  inch. 

The  positiims  of  floats  or  meter  were  plotted  on  the  cross-sections,  and  the  area  divided 
into  partial  areas,  the  dividing  lines  being  placed  so  as  to  give,  as  nearly  as  possible, 
a  uniform  depth  to  each  partial  area,  or  so  that  the  depth  at  the  velocity  positions 
should  be  about  the  mean  depth  of  the  partial  areas. 

The  maximum  velocity  was  usually  found  at  a  depth  considerably  less  than  the  maxi> 
mum. 

The  velocities  determined  mth  rod-floats  were  corrected  and  reduced  by  Francis's  form- 
ula— 


•='[--</s--«-0] 


In  which  v'  =  reduced  velocity,  v  =  observed  velocity,  8  =  sounding,  and  I  =^  im- 
mersion of  rod. 

The  meter  ratings  were  applied  as  directed  in  the  field-notes. 

The  datum  plane  was  taken  at  the  highest  gauge  reading,  47.10  feet,  on  March  8. 

The  area  of  March  S  was  taken  as  datum  area,  and  all  others  obtained  by  successively 
adding  and  bubtracting  scours  and  fills. 

Gauge-readings  are  uieanK  of  readings  taken  at  G  a.  m.,  12  m.,  and  6  p.  m. 

Gauge  same  as  used  by  Major  Benyanrd. 

Mean  depth  obtained  by  dividing  water  area  by  water  width. 

Mean  datum  depths  obtaiued  by  dividing  datum  areas  by  datum  width  (=  49.10  feet). 

Maximum  depth  copied  from  cross-section  soundings  in  note-books. 

The  widthy  u)r  dates  on  which  no  measurements  were  made,  were  derived  from  a 
curve  obtained  by  plotting  the  measured  widths  to  gauge. 

Mean  velocity  obtaiued  by  dividing  discharge  by  water  area. 

Discharges  marked  "Obs.  incomplete''  are  nearly  all  computed  on  cross- sections  of 
an  earlier  or  later  dat«,  corrected  for  gauge. 

lu  some  cases  velocities  were  also  substituted  from  other  dates;  especially  for  partial 
areas  at  the  ends  of  the  sections  or  **  end  areas." 

Tlie  failure  to  determine  the  width  accurately,  the  lack  of  soundings  near  the  river 
banks  and  on  their  slopes,  and  the  lack  of  velocity  observations  near  the  banks,  ar& 
sources,  in  some  instances,  of  inaccuracy  in  the  results. 
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4.— At  Hays'  Landing,  Miss.,  Homer  P.  Rittbr,  Assistant  in  Charge. 

^OTK.— Aasistant  Hitter  has  a  report  in  course  of  preparation,  but  the  necessity  for 
"  services  in  other  branches  of  work  has  delayed  its  completion.— S.  S.  L. 

Discharge  obaercations  Hays*  Landing,  Miss. 

^0  fiJJing  out  the  accompanying  blanks  for  this  station,  the  mean  gauge,  water 
***»,  scour  and  fill,  mean  velocity,  discharge,  direction  of  wind  and  method  were 

^<ipied  from  MS.  ^,  Assistant  H.  P.  Ritter. 

c.f. 

Temperature  of  the  air  is  the  mean  of  three  readings  taken  each  day  at  6  a.  m.,  It^ 
^•f  and  6  p.  m.     Copied  from  note-book  890. 
fhtmtM  was  taken  at  a  gauge  reading  of  38  feet  and  a  surface  width  of  2,770  feet. 
Datuwm  area  for  this  gauge  and  width  was  obtained  from  the  water  area  of  March  15 
by  applying  the  increase  of  area  due  to  the  difference  in  gauge  readings.    This  gives 
for  datum  area  169,015  square  feet. 

DattAfm  area  for  January  2  was  next  obtained  by  adding  to  the  water  area  of  this 
date  ilk^  area  obtained  by  multiplying  the  mean  of  datum  surface  width  and  surface 
width  of  January  2,  by  the  difference  between  the  gauge  reading  on  January  2  and 
elevation  of  datum  plane,  i.  <?.,  38  feet. 
Datuni  area,  as  thus  obtained,  for  January  2=  158781. 

Sub»c^iieHt  datHm,  areas  were  obtained  by  tbe  successive  addition  or  subtraction  of 
the  8coi.ir8  and  fills. 
Meawm^  depth  was  obtained  by  dividing  the  water  area  by  the  water  width. 
Meam^   datum  depth  was  obtained  by  dividing  the  datum  area  by  datum  width. 
Moj^wmum  depth  was  copied  from  field  notes  No.  tf88,  and  is  the  deepest  actual  sound- 
ing taken. 

Rise   Cor  January  2  was  obtained  by  taking  the  difference  between  the  gauge  read- 
ing on    ^January  1  at  12  m.  and  the  mean  gauge  for  January  2. 

Risei  €>rfaU  between  any  other  two  consecutive  days  is  obtained  by  taking  the  differ- 
ence of  the  mean  guftge  readings  for  those  days.  • 

(        M=Meter. 

In  column  headed  **  method  " <        R=Ro<l  floats. 

'  (  D.  F=Double  floats. 
The  xnanuer  of  computing  partial  areas,  the  manner  of  dividing  the  section  into- 
partial   areas,  and  of  distributing  velocities,  is  as  follows : 
CoocM. xneucing  at  the  shore  line,  the  notes  read  thus — 

[+50 
Station <  2 

&C. 

T"^  stations  marked  1,2,  3,  i^c.,are  meter  stations,  while  at  the  other  stations 
souDfiiugg  ouiy  ^ere  taken.  The  first  partial  area  is  from  1  to  2-f  50,  the  velocity  for 
*^J^JPB.rtial  area  being  observed  at  2. 

T*^^  second  partial  area  is  from  2-f  50  to  34-50,  the  velocity  for  this  partial  area  being 
obset-ved  at  3;  and  so  on. 


^*«  partial  areas  were  computed  from  the  recorded  soundings. 
^Ij^^Ui  of  partial  area  =  total  area.    Partial  area  multiplied  by  its  velocity  =  partial 
^^*iarge. 

S*^ni  of  partial  discharges  =  total  discharge. 
iptal  discharge  divided  by  total  area  =  mean  velocity. 
p^^l^^iir  or  fill  is  the  difference  between  the  water  area  as  observed,  and  that  as  com^ 
^^  fn»m  the  change  of  gauge. 
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6. — At  Red  Rivkr   Landing  and  Head  of  the  Atchafalaya,  John  Ewkns, 

Assistant  in  Charge. 

Office  Mississippi  River  Commission, 

Saint  Louie,  Mo.,  June  16,1883. 

Sir  :  I  have  tbe  honor  to  inform  vou  that,  in  accordance  with  your  lustructioD,  I 
left  Saint  Louis  with  my  party  for  Red  River  Landing,  Louisiana,  on  November  26, 
1881.  I  arrived  at  my  destination  with  party  on  the  rooming  of  December  3,  l^Sl, 
Preparations  were  immediately  made  for  beginning  the  discharge  work.  Everything 
else  was  sacrificed  to  meet  this  end«  as  I  desired  to  obtain  as  large  a  range  of  di8charge 
measurements  at  the  different  stages  of  the  river  as  possible.  In  view  of  this  objective, 
the  elaboration  of  details  of  the  other  work  was  left  until  the  discharge  work  was 
fully  inaugurated.  On  day  of  arrival,  an  exhaustive  reconnai8f>iiiioe  was  made  for  the 
purpose  of  selecting  suit  able  ditfcharge  sections.  After  sounding  a  number  of  sections, 
a  section  located  about  200  feet  below  the  warehouse  at  Red  Rivi  r  Landing  was  se- 
lected for  ganging  the  Mississippi.  The  section  for  gauging  the  Aichafalaya  is  loca- 
ted at  Merrick,  about  3,000  feet  from  h<  ad  of  the  river.  The  sectii  n  in  Old  River  is 
situated  about  one  mile  from  its  Juncture  with  the  Mississippi.  Tbe  section  on  Red 
River  is  situated  about  1^  miles  from  its  passage  into  Old  River.  All  of  these  sections 
presented  the  usual  and  requisite  qualifications  of  a  good  discharge  section,  the  fore- 
most among  which  were  high  banks,  and  freedom  from  eddies  and  other  disturbing 
elements.  The  section  in  a  bend  for  transverse  velocity  curve  work  was  located  in 
"Brunette  Bend,"21  miles  below  Red  River  Landing  and  3  miles  above  New  Texas.  The 
regular  serial  work  covered  by  mj'  instructions  necessitated  the  ganging  of  the  Mis- 
sissippi daily  with  but  one  exception,  the  exception  being  the  day  allotted  each  month 
for  w^ork  in  the  bend.  The  Atchafalaya  was  to  be  gauged  not  less  than  once  a 
week,  and  daily,  with  the  Miasissippi,  if  possible.  The  party  succeeded  in  ganging  both 
rivers^aily  during  the  entire  flood.  When  the  rivers  reached  the  ordinary  stage,  the 
Atchafalaya  was  gauged  weekly,  which  was  thought  to  be  sutTicient.  In  connection 
with  the  work  mentioned  above,  the  party  gauged  Red  and  Old  Rivers,  also  Bayoa 
des  Glaises.  During  the  flood,  the  Grand  cut-off  and  Bayou  des  daises  were  examined. 
The  bend  section  was  worked  monthly.  Instructions  to  perform  bend  work  were  not 
^ven  tbe  party  until  some  months  after  entering  the  field.  Observations  were  taken 
in  Old  River  as  often  as  necessary  to  determine  the  direction  of  flow  with  reference 
to  the  Mississippi.  The  party  carried  out  completely  and  successfully  not  only  the 
detail  work  given  above,  but  did  a  vast  amount  of  additional  work,  such  as  rating 
meters,  making  experiments  to  compare  the  meter  with  other  plans,  &c.  The 
amount  of  field-work  done  may  be  briefly  summarized  as  follows:  A  total  of  310 
discharges  were  measured,  2"/?  of  which  were  measured  on  the  Mississippi, 
78  on  the  Atchafalaya,  3  on  Old' River,  1  on  Red  River,  and  1  on  Bayou  des  Glaises; 
the  bend  section  was  worked  6  times;  a  large  number  of  vertical  curves  of  velocity 
were  also  taken.  The  work  of  establishment  having  been  completed,  the  regular  dis- 
charge work  was  begun  on  December  13th,  1881,  and  continued  without  interruption 
from  this  date  until  the  close  of  the  work  in  November,  1882.  The  work  during  the 
great  flood  was  carried  on  under  the  most  adverse  circumst^ances  imaginable.  The  ob- 
serving stations  had  to  be  built  above  the  water;  the  transit  station  was  built  in  water 
over  ten  feet  deep.  The  platforms  for  the  observers  at  the  lining-in  stations  were  built 
in  trees.  By  working  in  this  manner,  the  party  continued  the  work  without  interruption 
during  the  entire  flood,  thus  securing  a  complete  and  reliable  set  of  discharge  observa- 
tions which  will  be  of  inestimable  value,  as  they  cover  the  greatest  flood  discharge  ever 
measured  on  the  Mississippi  River.  It  was  the  intention  originally  to  do  all  the  veloc- 
ity work  with  the  meter,  but  the  late  arrival  of  the  steam  launch,  and  some  unavoid- 
able delays,  caused  by  losing  some  of  the  connecting  parts  of  the  meter,  made  it  nec- 
essary to  resort  to  float  methods  until  the  meter  could  be  employed  permanently. 
The  regular  plan  of  conducting  the  discharge  work  was  as  follows :  The  cross-section 
was  first  sounded.  Every  sounding  was  located  by  an  angle  deflected  from  a  1,000- 
foot  base-line  situated  at  right  angles  to  th# cross-section  line.  Between  90  and  100 
soundings  were  taken  daily.  The  soundings  were  taken  from  the  launch,  the  launch 
running  up  above  the  section  line,  then  drijfting  back  to  take  the  sounding.  When 
above  the  line,  the  recorder  on  board  held  a  signal  flag  above  his  head  untilon  exact 
line,  when  it  was  diopped  quickly,  this  being  the  signal  for  the  trauMt-man  on  shore 
to  take  the  angle  locating  the  sounding.  On  every  tenth  sounding  a  red  flag  was 
raised,  as  a  check  on  the  work  of  shore  and  launch  party.  The  tangent  of  each  angle 
was  worked  out  as  it  was  taken,  thus  giving  the  distance  apart  of  the  soundings,  and 
showing  at  once  any  gaps  that  n  ight  exist.  By  this  means,  errors  were  eliminated 
at  once  in  the  field.  This  system  of  sounding  should  be  regarded  as  conventional.  I 
can  conceive  of  no  other  plan  equal  to  it,  as  you  locate  each  sounding  Just  where  the 
leadsman  happens  to  cast  his  lead.  And  where  snob  a  large  number  of  soundings  are 
taken  as  at  the  Red  River  Landing  station,  you  will  during  a  series  of  days'  work 
touch  nearly  all  points  of  the  section.     If  the  fixed  signal  system  were  employed,  yon 
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tODch  simply  the  same  stationfl  and  you  know  nothing  of  the  changes  that  are  taking 
place  between  them.  For  sonuding  at  this  station,  light  leads  and  lines  were  used  in 
preference  to  the  nsnally  heavy  ones  employed. 

The  velocity  work  with  floats  was  performed  in  the  following  manner:  The  floats 
were  timed  over  a  100-foot  path ;  the  transit  of  float  over  the  ranges  inclosing  this  path 
was  located  with  transit,  the  bases  of  location  being  1,000  and  1,100  feet  for  upper  and 
lower  rang«s  respectively.  At  the  section  lines  a  very  satisfactory  substitute  for 
transits  to  line  the  floats  was  nsed.  It  consisted  of  fine  silk  threads,  weighted  with 
1ea<l  plnmb  bobs  and  suspended  from  the  apex  of  tripods  erected  over  the  lining  hubs 
on  the  Keetions.  These  threads  gave  a  line  I  consider  practically  as  good  as  that 
iriTen  by  the  cross  hairs  of  a  transit.  These  stations  were  established  on  both  banks, 
half  of  the  river  being  observed  from  each  bank;  there  were  days,  however,  when 
the  atmosphere  was  clear  enough  to  take  all  the  observations  from  one  bank.  At  each 
of  the  lining-in  stations,  a  rude  stand  was  erected  for  holding  the  electric  key  and  re- 
torting. The  float>s  were  all  started  from  point>s  located  on  a  section  500  feet  above 
the  npper  extremity  of  the  float  path.  This  section  was  divided  into  a  sufficient 
nnmber  of  stations  to  cover  all  the  velocities  ht^tween  the  banks ;  the  angles  corre- 
tpooding  to  th  se  stations  were  calcnlated,  so  that  to  start  the  float,  it  was  necessary 
simply  to  run  out  this  section  line  until  the  line  indicated  by  signal  from  the  transit- 
man  was  reached.  At  this  point  the  float  starter  would  launch  the  float ;  the  depth 
or  immersion  of  float  was  always  determined  from  soundings  taken  previously. 
Donble  floats  were  always  run  at  mid  depth.  Rods  were  run  as  close  to  the  bottom 
as  possible.  After  the  float  was  launched,  tne  boat  party  followed  the  float  over  the  path 
and  noted  very  closely  its  action ;  if  anything  unnatural  was  visible,  the  float  was 
always  repeated  until  a  visibly  satisfactory  observation  was  obtained.  To  avoid  con- 
fnsion,  a  system  of  signals  for  repeating  floats  was  adopted.  When  a  float  was  to  be 
repeated  for  reasons  discovered  by  the  boat  party,  the  float  starter  indicated  the  fact 
by  waving  a  flag.  When  a  float  was  to  be  repeated  for  reasons  discovered  by  the 
shore  party,  the  transit-man  waved  a  flag.  The  transit  of  the  float  over  the  sections 
at  extremity  of  path  was  signaled  to  the  transit-roan  by  telegraph,  by  the  observer 
at  the  lining  stations,  the  observer  also  acting  as  time-keeper.  For  a  brief  time  when 
the  flood  was  at  its  height,  the  locations  at  path  extremities  were  omitted,  and  a  float 
path  of  100  (eet  was  assumed.  The  washing  away  of  the  telegraph  supports  necessi- 
tated th'8  change. 

When  lois  were  used,  a  special  form  of  rod  had  to  be  devised,  as  at  the  deeper  por- 
tions of  the  liections,  the  weight  attached  to  rod  has  to  be  so  great  that  it  is  necessary 
to  arrange  the  attachments  in  such  manner  that  the  weight  may  be  detached  before 
withdrawing  the  rod.     If  snch  an  arrangement  is  not  made,  you  will,  in  a  majority  of 
«aMs,  break  your  rod.     If  you  attempt  to  make  your  rod  heavy  enough  to  prevent 
breakini;,  you  will  fiud  it  will  be  too  cumbersome  to  handle  in  a  boat.     The  form  of 
rod  devised  for  this  work  was  the  same  as  that  shown  in  sketch  '* A.''    The  lower  ex- 
tremity of  this  rod  is  made  T-shaped,  as  at  **  R."    To  the  weight  **  w  "  two  pan-shaped 
metallic  wrists  are  attached  at  rr  .    These  strips  fit  closely  to  the  T  portion  of  the  rod, 
as  shown  in  the  figure.     The  terminal  ends  spring  outward  at  co'  for  reasons  that  will 
presently  be  given.     A  string  passes  from  the  weight  at  **fc"  to  the 'top  of  the  rod. 
This  string  is  the  one  used  in  raising  the  weight.    The  small  ring  at  zz'  is  held  by  two 
ring  strings  that  pass  from  this  ring  to  the  top  of  the  rod.    The  method  of  launching 
andf withdrawing  the  rod  is  as  follows:  The  rod   is  taken  in  tow  by  tho  skilf.    The 
Unnching  station  having  been  reached,  the  weight  is  attached  by  simply  fitting  the 
weight  into  the  groove  at  **«"  and  turning  the  wrists  down  on  the  T  portion  of  the 
rod,  making  them  fast  by  springing  the  ring  over  the  spring  ends  as  at  gg'.    This  be- 
ing done,  the  rod  is  lowered  gradually  into  the  water  untilthe  desired  immersion  is 
Kached.    After  the  observation  is  complete,  to  withdraw  the  rod,  it  will  be  simply 
o^cenary  to  give  a  brisk  jerk  on  the  ring  strings,  which  will  set  the  rod  free.    As  the 
rod  is  held  by  party  in  the  boat  the  weight  pressing  downward  will  throw  back  the 
vrists  which  are  hinged  at  bb\    The  weight  having  been  detached,  you  will  find  that 
the  rod  will  shoot  rapidly  upward  and  he  flat  on  the  water  surface,  before  the  lead 
weight  can  be  drawn  to  the  surface.    While  one  of  the  boat  crew  is  raising  this  weight, 
the  other  members  of  the  crew  will  have  taken  the  float  in  tow  and  reached  the  next 
station,  without  loss  of  time,  breakage,  or  any  inconvenience  whatever.     So  it  is  seen 
(he  launching  of  this  type  of  float  is  reduced  simply  to  a  minimum  as  to  time. 

The  work  with  the  meter  was  all  conducted  from  the  catamaran.    The  location  was 

4one  by  intersecting  signals  established  on  the  bank.    This  system  of  location  was 

Deceasitated  by  reason  of  the  entire  force  having  duties  on  the  river.    The  plan  of 

working  was  as  follows :  The  catamaran  was  lashed  to  the  launch  in  such  a  manner 

that,  the  suspending  wire  holding  the  met>er,  the  throttle  valve  of  engine  and  the  en- 

jn^eer  would  all  be  in  plane  of  the  section  when  On  line ;    the  pilot  taking  snch  a 

position  with  reference  to  the  intersecting  signals  as  to  bring  the  meter  exactly  on 

the  station.     This  plan  enabled  the  pilot  and  engineer  to  keep  the  plant  in  perfect 

position  without  any  appreciable  ^variation.    The  greater  number  of  the  discharge 
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velocity  observations  were  taken  by  holding  the  plant  up  against  the  current.    It 
found  by  making  a  large  number  of  experiments  with  plant  anchored,  that  the  resulta 
taken  with  the  plant  free  or  anchored  did  not  difier.    Experiments  were  made  fre- 

nntly  at  the  various  stations  in  order  to  fully  satisfy  myself  that  the  plans  did  not 
er  appreciably.  In  doing  the  work  by  holding  up,  care  y^  as  always  taken  to  com* 
mence  and  end  the  observations  on  exact  line.  Tne  vast  amount  of  time  it  would 
take  to  withdraw  and  cast  large  anchors,  the  continued  presence  of  passing  boats^ 
and  the  vast  fields  of  drift  that  are  present  in  the  river  continually  at  flood  stages,, 
necessitated  the  adoption  of  this  plan. 

In  taking  vertical  velocity-curve  observations,  the  plant  was  always  anchored. 
The  meter  was  worked  from  the  stem  of  the  catamaran.  The  connection  and  general 
arrangement  of  the  apparatus  was  as  follows:  The  suspending  and  guy- wires  were 
attached  to  two  model  cog-reels  which  weie  attached  to  the  platform,  m  the  bow  and 
stem  respectively.  The  suspending  wire  passed  from  the  stern-reel  over  to  an  iron 
sheave  held  by  a  pulley  t«tanchion  that  projected  about  4  feet  upwards  from  end  of  the- 
stern  ;  this  stanchion  leaned  outward  far  enough  to  let  the  meter  weight  clear  the 
platform.  The  wire  pat-ted  from  this  sheave  to  the  loop-clasp  of  the  meter-weight 
pipe.  The  guy-wire  passed  fn)m  the  stern-reel  to  a  wooden  sheave  held  by  a  pulley- 
block  in  the  long  b«  am  that  proiected  from  the  center  of  the  platform  outward  between 
the  bows  of  the  catamaran.  This  beam  was  about  20  feet  long,  and  was  made  adjusta- 
ble, as  its  length  depends  on  depth  of  immersion  of  the  meter.  Its  length  with  refer- 
ence to  the  hypotenuse  and  altitude  of  the  triangle,  of  which  it  forms  the  base,  must 
be  such  as  will  keep  the  suspending  wire  vertical.  The  guy-wire  passes  from  thia 
sheave  to  a  small  clamp  that  is  attached  to  a  cylinder  of  brass  1  inch  long,  which 
works  up  and  down  on  the  pipe  of  meter  weight.  This  little  cylinder  has  a  clamp- 
screw  for  adjusting  it  to  the  pipe  at  any  desired  height.  The  arrangements  described 
above  will  without  doubt  keep  apparatus  perpendicular  to  the  section.  In  this  con- 
nection I  would  say  that  were  it  possible  to  use  a  rigidly  filled  pipe  for  holding  the^ 
meter  it  would,  I  think,  be  preferable.  But  we  know  on  the  Lower  Mississippi  at  cer- 
tain stages  this  would  be  impossible,  on  account  of  immense  quantities  of  submerged 
drift  that  will  be  met  with  continually. 

In  AnnahB  dea  Pants  et  ChausB^eBy  by  M.  De  La  Greve,  a  very  good  form  of  pipe  at- 
tachment is  described.  I  give  a  sketch  of  this  in  figure  ^'  B.'^  It  consists  of  a  piece  of 
gas-pipe  of  desired  length  with  a  small  longitudiualsection  removed,  as  shown  in  the* 
orizontal  section,  figure  *'  a."  The  meter  slides  down  this  pipe  and  is  kept  from  turn- 
ing by  the  projectiou  at  o.  Though  the  device  is  a  good  one,  yet  the  guy  plan,  when 
worked  carefully,  is  the  more  satisfactory  and  is  always  practicable.  The  battery 
connectiors  were  first  made  through  the  reels  direct;  but  it  was  found  advisable 
afterwards  to  use  two  small  insulated  wires  for  conducting  the  electric  currents. 
These  wires  served  also  as  safety  wires,  as  the  suspending  wire  often  broke.  In  such 
cases  the  conducting  wires  would  hold  the  meter.  The  guy  would  prevent  loss  were 
these  wires  missing,  but  it  would  not  prevent  the  injury  that  would  be  done  by  with- 
drawing it  with  the  guy-wire.  The  battery  connections  were  centralized  in  such 
manner  that  but  two  simple  connections  on  the  meter  completed  the  circuit.  The 
battery  and  register-cases  were  combined  and  attached  by  angle-wires  to  the  cata- 
maran in  such  manner  as  to  prevent  loss.  The  stern  reel  was  graduated  and  con- 
nected with  an  index  pointer  in  such  manner  that  depths  of  less  than  one- tenth  of  a 
foot  could  be  read  off. 

The  meter  weight  consisted  of  a  lead  cylinder  weighing  about  60  pounds.  This 
cylinder  was  about  10  inches  long  and  about  4|  inches  m  diameter.  A  piece  of  f-inch 
gas-pipe  passed  through  the  cylinder.  This  pipe  was  about  16  inches  long.  The 
meter  was  attached  to  this  pipe.  The  top  of  the  pipe  terminated  in  a  screw-tap  con- 
taining the  suspending  wire  clamp.  A  small  brass  cylinder  containing  the  guy- wire 
clamp  was  attached  to  this  pipe  also. 

The  furniture  of  the  catamaran  consisted  of  a  small  skiff,  a  large  sweep  oar,  a  lung 
pike  pole,  an  ax,  and  set  of  signal  fiags.  Life  preservers  for  the  party  were  also  on 
bt  ard.  This  outfit,  and  careful  training  of  the  party,  prevented  losses  or  accidentsof 
any  kind  during  the  year,  which  was  one  of  the  most  trying  ones  that  in  all  proba* 
bility  will  ever  be  encountered  by  parties  on  work  of  this  character. 

The  velocity  work  done  with  double  floats,  rod- floats,  and  the  meter  was  refined  in 
every  detail  possible,  as  the  necessity  of  emi  loyiug  three  methods  made  it  absolutely 
neoe^^sary  to  secure  as  nearly  perfect  ri-sults  an  possible,  in  order  to  make  a  comparison 
of  the  methods,  and  to  make  the  discharge  work  in  general  satisfactory.  The  final 
reductions  and  the  curves  of  velocity,  area,  and  discharge  deduced  attest  fully  the 
accuracy  of  the  work  in  detail. 

The  cause  of  not  using  the  meter  exclusively  was  due  to  the  non-arrival  of  the 
launch  and  the  loss  of  one  of  the  connecting  parts  of  the  meter.  Work  with  the 
meter  was  a  perfect  success  from  the  start.  After  the  equipment  for  making  repairs 
was  received  from  Saint  Louis,  not  a  single  observation  was  taken  by  any  other  plan. 
Aside  from  this,  I  think  the  partial  use  of  floats  fortunate,  as  it  will  admit  of  a  com- 
parison of  the  methods  and  under  favorable  circumstances. 
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Besides  the  regular  serial  work  done  by  the  party,  an  exhanstive  ezaaiination  of 
the  grand  cut-off  near  Black  Hawk  was  made  during  the  flood.  No  flow  through 
the  ci\t-off  was  manifest.  In  Red  River,  irom  the  mouth  of  the  bayou  cut-off  down 
to  Spanish  Fott,  the  current  was  very  feeble  during  the  flood.  An  ezamioation  waa 
also  made  of  the  Bayou  dee  Qiaises  from  the  mouth  to  Hamburg^  La.  A  discharge 
was  also  ti^en  through  a  section  about  i  mile  above  the  mouth  ot  this  bayou. 

The  notes  were  kept  written  up  daily.  The  calculations  were  kept  up  daUy,  and  a. 
discbarge  sheet  transmitted  weekly  up  to  August  17,  lb82.  After  that  date  no  compu- 
tation could  be  made,  as  my  assistant,  Mr.  John  C.  Cammack,  left  the  party,  he  having 
received  official  orders  to  report  in  Saint  Louis. 

A  dsilT  log  was  kept,  also  a  daily  summary.  The  lattex^book  contained  the  gauge 
readings,  temperatures  of  the  air  and  wat-er,  direction  and  force  of  the  wind,  dates  of 
rain,  frostn,  fogs,  and  other  marked  features  of  the  weather :  also  a  complete  record 
of  the  kind  and  amount  of  work  done  daily,  the  condition  of  the  data,  &c. 

When  work  on  the  nver  was  impossible,  the  boat  party  were  engaged  in  the  shop,, 
fabricating  such  articles  as  were  required  on  the  work,  making  repairs  on  the  appa> 
ratos,  &c 

The  launch  was  kept  in  complete  repair  and  improved  considerably  by  the  party» 
Tbe  stability  of  the  launch  and  its  excellent  running  power  were  fully  established  by 
the  excellent  condition  it  was  in  at  the  close  of  the  work,  after  having  been  used  se- 
verely for  over  a  year.     For  work  of  tliis  character  launches  of  this  typeliave  no  equal. 

Tbe  results  of  the  daily  discharge  observations  are  Kiven  so  fully  in  the  tables  of 
calculations  and  curve  charts  appended  to  this  report,  that  a  discussion  of  them  hero 
is  nnnecessary. 

Tbe  work  was  inspected  by  you  in  person  on  January  25  and  26, 1882,  and  again  on 
Noveuber  23,  Iti^.  The  meter  work  in  actual  operation  on  the  river,  the  plant,  and 
all  tbe  auxiliary  apparatus  were  inspected  on  November  23,  1882,  by  General  H.  G. 
Wright,  Chief  of  Engineers,  United  States  Army,  General  C.  B.  Comstock^  president 
Ifississippi  River  Commission,  Maj.  Amos  Stickney,  MaJ.  Chas.  R.  Suter,  United  Statea 
Anny,  Maj.  B.  M.  Harrod,  Prof.  Henry  Mitchell,  and  Judge  R.  C.  Taylor. 

The  work  of  the  party  at  Red  River  Landing  closed  on  November  26,  1882,  ordera 
hsTing  been  received  on  that  date  to  close  the  work  and  proceed  with  party  to  th* 
Bonnet  Carr^  crevasse.  The  note-books  and  field  supplies  no  longer  required  were 
transferred  to  the  steamer  Mississippi  on  November  26,  1882.  All  the  calculations  of 
discharge  work  for  both  the  Mississippi  and  Atchafalaya ;  charts  showing  deduced 
coryes  of  Telocity,  discharge,  and  area ;  a  map  showing  relative  position  of  cross-sec- 
tions; a  map  of  transverse  velocity  curves  taken  in  bend ;  a  map  showing  contour  of 
riTer  bed  at  all  of  the  sections,  are  all  appended  to  this  report. 

Before  closing  this  part  of  my  report  I  desire  to  acknowledge  the  valuable  assistance 
rendered  by  my  assistant,  Mr.  John  C.  Cammack ;  the  cheerful,  prompt,  and  accurate 
manner  in  which  he  performed  his  arduous  duties  during  the  most  trying  times  of 
the  ereat  flood,  and  at  all  times  while  with  my  party,  is  worthy  of  praise  which  worda 
Are  bat  meager  to  express. 

The  changes  and  action  of  the  river  in  the  vicinity  of  Red  River  Landiug,  and  some 
^te  regarding  the  flood  height  of  1882  and  previous  years,  and  other  personal  obser- 
▼atiuns  made  during  the  year,  will  doubtless  be  of  interest  in  connection  with  the  above 
leport. 

The  weather  during  the  year  was  variable.  It  rained  on  143  days ;  fogs  prevailed 
pwiodically  from  January  5  to  June  13.  The  minimum  temperature  of  the  air  for  the 
year  was  38°  (on  January  30).  The  maximum  temperature  of  the  air  was  98°  (on 
AngQst  17).  Tbe  minimum  temperature  of  the  water  was  44°  (on  January  30);  the 
oiuimum  temperature  of  the  water  was  84°  (on  June  30,  July  1  to  6,  Aueust  17  to  31). 

The  temperatures  oHhe  water  were  taken  at  points  of  the  section  from  bank  tobank^ 
ttd  as  near  mid-depth  as  possible.  These  temperatures  were  valuable  during  the 
^^'  The  arrival  of  flood  water  from  the  Tene|is  region  was  shown  by  the  tempera- 
tore  of  the  Atchafalaya  during  the  flood.  On  the  day  preceding  the  arrival  on  the 
Atchsfalaya  of  the  flood  water  referred  to,  the  temperatures  of  the  Mississippi  and 
Atchafalaya  were  the  same,  which  might  be  expected,  as  the  Mississippi  was  discharg- 
ing a  portion  of  its  waters  into  the  Atchafalaya  via  Old  River.  On  the  day  of  the 
^val  of  additional  flood  water  on  the  Atchafalayathe  temperature  of  the  Atchafalaya 
'on  several  de^re«'S,  thus  indicating  the  source  of  the  additional  volume  of  water 
pwsent  in  the  river. 

The  river  was  rising  on  December  3, 1881,  the  day  of  the  arrival  of  party  at  Red 
Kiver  Landing,  and  coutinufd  rising  until  December  6,  when  it  began  falling.  It  fell 
nntil  December  27,  on  which  date  it  began  rising,  and  continued  until  March  27, 1882, 
on  which  date  it  reached  its  maximum  stage  not  only  for  the  year,  but  the  highest 
ever  known.  The  gauge  at  12.30  o'clock  on  that  day  read  48.53  feet  above  thelow- water 
JJJJI^h  of  1872,  whicn  is  the  zero  of  the  gauge.  This  zero  is  2.4  feet  above  sea  level. 
ThU  remarkable  stage  of  the  river  was  1.53  feet  above  high- water  mark  of  1874,  and 
».wfeet  above  high-water  mark  of  1867.    The  high-water  marks  of  the  years  1867> 
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1874,  and  18B2  are  46.27,  47.05,  and  48.53  respectively.  It  \rill  be  seen  from  these 
figures  that  the  flood  intervals  from  1867  to  1882  are  7  and  8  years,  respectively  ;  the 
rise  of  the  flood  sarliBce  for  these  periods,  0.78  and  1.48  feet. 

The  general  character  of  the  Old  River  water-way,  and  the  efiects  of  the  periodic 
flow  inward  and  outward,  will  doubtless  be  of  interest  here.  The  period  of  change 
of  flow  is  generally  3  days.  The  first  sign  manifest  is  a  marked  checking  of  the  cur- 
rent in  Old  River,  and  a  more  marked  degree  of  cltrarness  in  the  water.  These  changes 
are  very  easily  noticed  on  the  first  day.  On  the  second  day  the  current  nearly  ceases. 
On  the  third,  the  change  of  flow  is  found  to  have  taken  place;  the  current  will  be 
found  as  swift  as  usual,  and  the  wat^r  will  have  the  usual  mud  color.  The  direction 
of  flow  is,  of  course,  governed  by  the  relative  stages  of  the  Mississippi  and  the  At- 
chafalaya,  the  Red  River,  of  course,  governing  the  Atchafalaya.  The  current  is 
swifter  when  the  flow  is  outward.  The  general  efiects  of  an  inward  flow  are  more  in- 
jurious to  the  Old  River  water-way  than  an  outward  flow  is,  and  for  this  reason, that 
when  the  flow  is  inward,  the  current  is  greatly  diminished  and  the  percentage  of 
sediment  in  the  water  is  visibly  greater. 

These  two  ruling  elements,  which  uuder  the  circumstances  act  in  unison,  cause  a 
more  rapid  fill, 'while  the  checking  of  the  current  diminishes  the  scouring  that  char- 
acterizes an  outward  flow. 

TumbuU  Island  is  also  an  obstacle  to  the  flow  through  Old  River,  and  at  flood 
stages  it  forms  the  ba>is  of  marked  fills  all  the  way  around  the  island.  It  is  in  fact 
the  nucleus  of  all  the  saud-bars  in  the  vicinity.  The  efiects  of  an  outward  flow  are 
more  beneficial  to  navigation  than  an  inward  flow,  though  at  certain  point-s,  which 
will  be  described  presently,  it  has  a  damaging  efiect.  It  is  in  general  more  beneficial, 
as  the  current  is  more  rapid,  and  the  percentage  of  sediment  in  the  water  is  much 
smaller,  as  Red  River  water  has,  I  think,  a  smaller  percentage  of  sediment  than  Mis- 
sissippi water.  The  deep-red  color  of  the  former  is  due  to  matter  held  in  solution 
rather  than  that  held  in  suspension.  These  are  the  things  which  make  an  outward 
flow  favorable  to  navigation.  The  shoal  places  in  Old  River  are  three  in  number,  and 
are  situated  as  follows:  At  Barbre's  crossing,  in  vicinity  of  Ash  Cabin  Beud,  and  at 
the  Mississippi  mouth  of  Old  River.  The  causes  that  have  produced  this  shoaling  I 
consider  to  have  been  as  follows:  At  the  Barbre  crossing  the  shoaling  is  due  to  the 
checking  of  the  current  of  Red  River  as  it  sweeps  around  the  bend  where  it  enters 
Old  River.  In  turning  this  bend, it  loses  a  great  part  of  its  velocity,  which  it  cannot 
possibly  recover  until  it  gets  some  distance  beyond  Barbre's  crossing.  The  efieot  of 
this  is  the  piling  up  of  the  sediment  which  the  river  has  pushed  to  this  point,  and 
which  the  loss  of  velocity  prevents  from  being  carried  farther.  The  deposit  from  the 
water  itself  is  also  augmented,  owing  to  the  slackening  up  of  the  current.  The  flow 
'Cith^'r  way  from  Old  River  causes  a  fill  at  this  crossing,  and  for  this  reason,  that  when 
the  flow  is  outward  the  current  is  checked  in  the  Red  River  bend  as  before;  when 
the  flow  is  inward  the  current  is  checked  near  the  turn  at  the  Ash  Cabin ;  and  when 
it  gets  to  Barbre's  crossing,  it  encounters  Red  River,  which  is  moving  nearly  at  right 
angles  to  it.  So  it  is  seen  both  streams  meet  at  this  point  in  a  somewhat  exhausted 
condition.  Their  forces  are  so  nearly  equal  that  equilibrium  is  nearly  produced, 
which  action,  as  is  obvious,  causes  the  fill  or  shoaling  referred  to. 

The  equalization  of  the  forces  of  the  water  at  this  point  is  verified  by  the  well- 
defined  color  line  that  is  always  seen  at  this  point.  The  shoaling  near  the  Ash  Cabin 
is  due  to  the  decrease  of  velocity  caused  by  Old  River  encountering  the  bends  it  meets 
before  it  reaches  this  point.  The  fill  is  greatei*  at  this  point  when  the  current  is  in- 
ward, as  the  arm  of  the  bend  with  reference  to  an  inward  flow  is  more  abrupt.  The 
shoaling  at  the  mouth  is  due  wholly  to  an  inward  flow.  The  large  volume  of  Mis- 
sissippi water  that  sweeps  around  the  turn  at  Carr's  Point  carries  with  it  a  vast  vol* 
ume  of  sediment,  which  it  leaves  at  the  shoal  section  referred  to  for  want  of  suffi- 
cient velocity  to  carry  it  farther.  The  loss  of  velocity  in  this  case  is  much  grater 
than  in  any  of  the  others  mentioned  :  the  fill  is  in  consequence  much  greater.  The 
steamboat  channel  at  entrance  of  Ola  River  attests  the  great  force  and  action  of  the 
water  as  it  sweeps  around  this  point.  This  channel.  Just  before  you  enter  Old  River, 
is  nearly  at  right  angles  to  the  Old  River  Channel.  On  both  sides  of  it,  immense 
sand  reefs  exist.    This  channel  resembles  a  canal  more  than  it  does  a  natural  passage. 

This  channel  is  due  to  the  action  of  the  maximum  thread  of  the  current,  which 
sweeps  around  the  point  at  the  mouth  with  a  tremendous  force  and  passes  the  mouth 
without  entering.  It  is  this  portion  of  the  current  that  produces  the  channel  at  the 
entrance  of  Old  River.  This  point  of  Old  River  is  benefited  materially  by  an  oat- 
ward  flow,  as  the  volume  of  water  coming  out  scours  more  rapidly.  The  outward 
volume  pushes  the  Mississippi  water  as  it  rounds  Carr's  Point  farther  toward  the  left 
bank ;  t.  e.,  it  has  that  tendency.  This  action  causes  the  bar  at  the  point  of  Old 
River  (the  nucleus  of  which  is  Carr's  Point)  to  make  rapidly  down  stream.  Its  make 
is  due  wholly  to  the  meeting  of  the  two  rivers  at  this  point  when  the  flow  is  outward. 
By  meeting  they  lose  a  large  percentage  of  their  velocity,  and  thus  increase  the  sedi- 
mentary deposit  at  this  point.    This  bar  made  about  300  feet  down  stream  last  year. 
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Should  the  flow  contiDne  oatward  from  Old  River  without  changing,  and  low  stages 
of  the  river  predominate  for  any  great  length  of  time,  this  bar  would  eventually  work 
its  way  down  stream  and  connect  with  the  main  bank  of  the  Mississippi  below  Tor- 
ras's,  and  thus  close  np  Old  River  at  low  water  entirely.  This  section  of  the  countrr, 
and  more  especially  tnat  within  a  radius  of  10  miles  from  the  center  of  Tumbulrs 
Island,  is  a  very  interesting  one,  and  is  a  wide  field  for  investigation  at  the  present 
time, as  it  no  doubt  contaius  the  nnknowu  quantities  that  make  the  j^roblem  of  the 
change  of  the  Mississippi  channel  at  the  present  time  a  vague  uncertainty. 
Reepectfnlly  submitted. 

JOHN  EWENS, 
Assistant  Engineer, 
Firet  Lieut.  Smith  S.  Lrach, 

Secretary  Mississippi  River  Commission. 

Discharge  ohserrationSf  Red  River  Landing,  La. 

In  thie  tabulation  the  gauge  readings,  water  area,  maximum  depth,  width,  mean 
velocity,  discharge,  direction  and  force  of  wind,  temperature  of  air  and  water,  and 
method  were  copied  from  not  e-books  Nos.  831-835,  839-844,  854. 

Kise  or  fall  between  any  two  days  was  obtained  by  taking  the  difference  between 
the  gange  readugs  on  those  days. 

Scoor  or  fill  between  any  two  days  was  obtained  thus:  Take. the  difference  be- 
tween the  water  area  on  the  first  day,  counted  for  rise  or  fall  for  the  time  considered, 
and  the  water  area  of  the  second  day.  If  the  area  of  the  second  day  is  the  larger,  the 
difference  is  scour ;   and  if  the  smaller,  this  difference  is  fill. 

Datum  was  taken  at  a  gauge  reading  of  48.5  feet,  and  surface  width  of  3,918  feet, 
•B  March  27. 

Datnm  area  is  the  water  area  of  March  27  and  =  234,480  square  feet: 

Sobseqaent  datum  areas  were  obtained  by  successively  adding  and  subtracting  the 
wours  and  fills. 

Datom  areas  between  December  14  and  March  27,  1882,  were  obtained  by  working 
backward  from  March  27. 

Mean  depth  was  obtained  by  dividing  the  water  area  by  the  water  width. 

Mean  datum  depth  was  obtained  by  dividing  datum  area  by  datum  width. 
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Discharge  observationBj  Atcha/alaya  Biver, 

The  computations  for  the  discharge  of  the  Atchafalaya  River  were  made  in  the  fol- 
lowing manner:  * 

The  areas  were  obtained  by  plotting  the  sections  on  cross-section  paper,  locating 
the  position  of  velocity  observations,  then  dividing^  the  section  into  partial  areas,  and 
counting  the  small  squares  in  each  area  ;  thus  giving  to  each  velocity  an  area,  unless 
two  or  more  velocities  were  taken  very  close  together,  in  which  case  an  area  was 
given  to  the  mean  of  this  group  of  velocities. 

The  sum  of  these  partiaiareas  being  the  total  area  of  section. 

The  discharge  for  partial  areas  was  obtained  by  multiplying  the  area  by  its  velocity. 

The  total  discharge  being  the  sum  of  the  partial  discharges  thus  obtained. 

The  mean  velocity  was  obtained  by  dividing  the  total  discharge  by  the  total  area. 

The  mean  depth  is  obtained  by  dividing  the  area  by  the  water  width. 

The  maximum  depth  is  the  deepest  actual  sounding  taken. 

Scour  or  fill  is  the  difference  m  sectional  area  obtained  by  actual  area  difference 
compared  with  difference  due  to  change  of  gauge ;  51  feet  was  taken  as  datum  gauge- 
reading,  being  .13  foot  above  highest  gauge-reading  when  observations  were  taken; 
the  difference  in  area  due  to  this  difference  in  gauge  was  added  to  the  water  area  of 
March  2H ;  the  area  thus  obtained  being  used  as  the  datum  area. 

The  other  datum  areas  were  obtained  by  successively  adding  or  subtracting  the 
scours  and  fills. 

Mean  datum  depth  was  obtained  by  dividing  the  datum  area  by  the  datum  width, 
1,030  feet. 

Owing  to  the  recorded  gauge-readings  in  the  note-books  being  very  unsatisfactory, 
they  were*  discarded  and  a  set  of  readings  interpolated  from  the  Barbres  Landing 
gauge  in  the  following  manner. 

The  gauge  is  at  the  nead  of  the  Atchafalaya,  about  1,500  feet  above  the  discharge 
section.  A  curve  was  plotted  on  profile  paper  from  this  gaug^e,  and  readings  were 
interpolated  for  4  p.  m.  of  each  day,  which  time  is  the  mean  time  of  daily  oueerva- 
tions. 

The  difference  in  readings  between  the  gauge  at  section  and  Barbres  gauge  was  de- 
termined (1.1  feet).    This  correction  was  appued  to  readings  on  Barbres  gauge. 

The  computations  up  to  August  16  were  made  in  the  field ;  after  that  date  in  the 
office. 

A  discharge  curve  was  plotted  and  several  of  the  observations  farthest  from  the 
line  were  recomputed ;  some  of  them  found  in  error,  others  checking  closely. 

A.  H.  WEBER. 
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6. — At  Winona.  Minn.,  John  Ewens,  Assistant  in  Charge. 

(NOTB.—Resalto  in  Report  of  CommiMioii  for  18S2,  page  127.) 

Office  Mississippi  River  Commission, 

Saint  Louia,  Mo,,  June  1, 1883. 

Sir:  I  have  the  honor  to  inform  yon  that  m  accordance  with  vour  instructions, 
received  in  September,  1880,  I  proceeded  to  Wabasha,  Minn.,  where  I  completed 
oricanization  of  party  and  made  immediate  preparations  to  carry  out  your  instructions. 

After  a  careful  examination  of  the  topography  of  the  country  in  the  vicinity  oi 
Wabasha,  I  fonnd  that  a  formidable  outlet  known  as  *'  Beef  Slough,"  situated  some 
distance  back  from  the  left  bank,  would  make  the  locality  a  very  undesirable  one  foi 
the  work  of  gauging,  which  lirst  of  all  for  its  success  requires  the  absence  of  outlets. 
Surveys  and  sectional  soundings  of  the  river  at  this  point  were  bent  to  Saint  Lonii 
for  examination.  In  a  very  bnef  time  afterward  orders  were  received  for  the  partj; 
to  remove  to  Winona,  47  miles  below.  Examinations  similar  to  those  made  at  Wa- 
basha were  made  at  Winona,  and  at  the  town  of  Homer,  about  4  miles  below.  A 
large  number  of  sections  were  sounded  at  both  of  the  places  mentioned,  and  a  sec- 
tion for  discharge  measurement  selected  at  both.  The  Winona  section  was  situated 
about  li  miles  below  the  Chicago  and  Northwestern  Railroad  bridge.  This  section 
wns  selected  on  account  of  the  banks  being  higher  than  elsewhere  in  the  vicinity, 
and  owing  to  the  absence  of  eddies  and  other  disturbing  elements  that  detract  from 
the  accuracy  of  discharge  work.  The  Winona  section,  though  the  best  to  be  found 
in  the  vicinity,  presented  many  disadvantages  which  no  doubt  have  their  influence  on 
work  of  this  character,  where  refinement  is  so  desirable.  The  most  prominent  draw- 
back was  the  presence  of  large  numbers  of  immense  rafts  which  skirted  the  right 
bank  for  miles  above  and  below  the  discharge  section,  extending  for  some  distance 
out  in  the  river.  The  effect  of  such  obstructions  on  the  velocity  and  chAngei 
of  bed  is  so  obvious  that  a  description  here  of  their  effect  is  unnecessary.  In  oonse- 
quence  of  the  constant  presence  of  these  rafts  I  thought  for  a  time  that  the  Homei 
section  would  be  preferaole,  but  found  that  at  high  water  the  discharge  would  be  par- 
tial on  account  of  a  small  outlet  fed  by  the  river  above  this  section.  So,  in  view  of  all 
these  facts,  Winona  was  finally  decided  on. 

On  account  of  the  absence  of  snnplies,  work  with  the  electric  plant  designed  b> 
you  could  not  be  commenced  until  tne  hpring  of  1881.  Rod-floats  were  employed  foi 
velocity  measurements  until  the  closing  of  the  river,  which  took  place  on  Novembei 
20,  \e&).  After  the  dosing  of  the  river  preparations  were  begun  immediately  foi 
the  winter  work  through  tne  ice  with  the  water-meter.  The  severity  of  the  wintei 
in  this  State  suggested  to  me  the  propriety  of  devising  some  plan  by  which  the  work 
could  be  continued  without  interruption  from  the  cold.  To  meet  this  difiSculty,  a  sled- 
house  was  designed  and  constructed.  It  consinted  of  an  oblong  structure,  large 
enough  for  three  members  of  the  party  to  conduct  the  work  in.  This  house  wai< 
mounted  on  two  wooden  runners,  which  were  clad  with  steel ;  a  window  on  the  front 
side  of  the  structure  admitted  all  the  light  required.  A  trap-door  with  a  portable 
casing  was  made  in  the  floor  of  the  house  fur  loweriug  and  raising  the  meter.  Thu 
interior  furnishings  consisted  of  a  dec^k  for  recording  and  holding  the  register,  a  stove, 
thermometer,  and  two  pulley-galleries  for  loweriug  and  raising  the  meter  and  inte- 
grating. The  plan  of  working  wns  as  follows:  The  stations  having  been  previously 
located,  a  square  hole  was  cur  in  the  ice  at  each  station,  the  center  of  the  bole  bein^ 
the  original  location  of  the  station-hub.  A  path,  the  center  of  which  was  the  section 
line,  the  width  conforming  to  the  gauge  of  the  runners  of  the  sled,  was  then  cut 
across  the  river.  With  these  arrangements  to  perform  the  work,  it  was  simply  neces- 
sary to  draw  the  house  over  the  opening,  raise  the  trap-door,  and  insert  the  trap-cas- 
ing and  lower  the  meter  for  the  observations.  The  trap-casing  provt-d  to  be  an  ex- 
cellent feature  of  the  house.  It  excluded  the  air  completely,  and  formed  a  wooden 
casing  around  the  opening  in  the  ice.  To  illustrate  how  admirably  the  house  pNn 
worked,  it  will  suffice  for  me  to  state  that  the  party  continued  the  work  successfully 
on  many  days  when  the  wind  blew  a  perfect  gale,  and  the  thermometer  indicated  a 
temperature  of  45°  below  zero.  On  these  days  the  temperature  within  the  house  wao 
about  80°  above. 

Though  the  work  through  the  ice  was  conducted  with  all  the  care  and  refinement 
possible,  the  continued  presence  of  slush  ice  beneath  the  surface  no  doubt  detracted 
greatly  from  the  accuracy  of  the  work.  Were  it  not  for  this  fact,  the  work  would 
have  been  as  fine  as  ever  has  been  done  elsewhere,  as  the  manner  of  working  and  ap- 
paratus used  could  hardly  be  improved  on.  This  work  was  continued  until  the  break- 
ing up  of  the  ice,  which  occurred  on  the  morning  of  April  4,  1881.  Though  the  river 
became  free  from  ice  on  the  night  of  April  7,  the  party  had  made  arrangements  dur- 
ing the  winter  so  completely  that  they  were  enabled\o  begin  discharge  work  with 
the  electric  plant  and  rod-floats  on  the  morning  of  April  8,  six  hours  after  the 
river's  becoming  free  from  ice.    The  system  of  wire  anchorage  used,  and  the  general 
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plan  of  plant  and  methocl  of  working,  have  been  described  so  fdUy  by  yon  in  th& 

progress  report  of  the  Commission  for  1881,  that  a  description  here  is  unnecessary. 

The  open-river  work  was  continued  successfully  until  October  23,  1881,  orders  hav- 

ii^  beien  received  to  leave  Winona  with  the  party  on  October  25, 1881.    In  connection 

With  the  regular  discharge  work,  the  following  work  was  done :  slope  observationa 

were  taken  daily,  sediment  and  dredge  specimens  were  taken  at  regular  periods,  and 

longitadinal  soundings  were  taken  as  often  as  time  would  permit.    The  dredge- work 

WIS  made  of  more  than  passing  interest  on  account  of  the  refinements  introdnoed  in 

inalysing.    The  system  of  sieves  used  enabled  the  party  to  do  this  work  perfectly. 

The  work  was  inspected  by  you  in  person  on  July  15, 1881.    The  computefl  dischargea 

md  other  calculations,  with  maps  of  reach,  chart  showing  deduced  curves  of  dis> 

chsrge,  velocity,  and  areas;  also  sketches  showing  portable  sled-house  and  dredge; 

ilto  photoaraph  of  electric  plant  in  actual  working  position,  are  all  api^ended  to  tnia 

leport.    The  discharge  data,  with  map  of  reach  and  cu^ve  chart,  appeared  in  the 

pto^Sreis  reoort  of  the  Commission  for  1881.     The  necessity  of  beginning  the  work  on 

Um  Lower  Mississippi  as  soon  as  possible  after  closing  the  work  at  Winona  prevented 

tbifi  report  from  accompanying  the  data  pientioned  at  that  time. 

lo  conclusion,  I  desire  to  acknowledge  the  valuable  assistance  rendered  by  my 
neorder,  Mr.  Hiram  Phillips,  who  performed  all  his  duties  in  a  manner  worthy  of  th^ 
highest  commendation  I  can  give  him. 

Very  respectfully,  your  obedient  servant, 

JOHN  EWEN8, 
Asnatant  Engineer^ 
First  Lieut.  Smith  8.  Lsach, 

Secretary  Mi$9i$Hppi  River  Commission. 


7.~At  Hannibal,  Mo.,  Homkr  P.  Ritter,  Assistant,  in  Chaboe. 

(NOTB.— Besiilts  in  Beport  of  Commifision  for  18R2,  page  188.) 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  Chtober  8,  1883. 

8iR :  I  have  the  honor  to  submit  herewith  a  report  on  the  observations  of  the  gang- 
iv  party  stationed  at  Hannibal,  Mo.,  from  October,  1880,  to  October,  188L 

In  accordance  with  instructions  received  from  yon,  I  left  Saint  Louis  October  0^ 
16t)U,an(l  proceeded  to  the  mouth  of  the  Des  Moines  River  to  make  a  reconnaissance 
for  a  favorable  location  for  obtaining  the  discharge  of  the  Mississippi  River  below  the 
mooth  of  the  Des  Moines  River. 

I  arrived  at  Warsaw,  111.,  October  11,  and  proceeded  at  once  to  make  a  reconnais- 
ttnceof  the  river  in  this  vicinity.  On  October  15  I  received  jour  communication  in- 
fenniog  me  that  the  Commission  had  examined  the  following  location,  t*.  e.,  500  feet 
above  the  Hannibal  bridge  and  connecting  with  the  Sny  Levee,  and  found  it  welt 
adapt«cl  for  a  gauging  station,  and  that  it  should  be  occupied  unless  a  decidedly  bet- 
ter one  be  discovered. 

I  sfarted  immediatly  for  Hannibal,  Mo.,  and  after  examining  the  location  indicated, 
I  decided  to  locate  there,  finding  it  well  adapted  for  gauging  purposeH. 

A  preliminary  survey  of  the  locality  was  then  made ;  the  iiischarge  section  estab- 
Med;  ranee  polls  and  targets  erected;  slope  gauges  established  and  put  up;  the 
fieoeesary  plant  collected ;  the  wire  anchorage  laid  and  the  electrical  float  apparatna 
put  together.  Everything  1>eing  ready,  observations  were  commenced  November  12, 
l3H0,and  continued  until  October  iM,  1881,  when  orders  were  received  to  discontinue 
the  observations.  The  party  consisted  of  one  recorder  and  two  boatmen,  with  an 
•dditional  boatman  during  higb  water. 

Location  of  the  section.— The  section  was  located  500  feet  above  the  Hannibal  bridge 
tod  parallel  to  the  same.  The  Mississippi  River  at  this  point  is  ver.\  narrow,  being 
only  1,200  feet  wide  at  low  water ;  1,500  feet  at  a  bank-full  stage,  and  2,r)50  feet  at  ex> 
treme  high  water,  1,01*0  feet  of  the  latter  width  being  the  distance  from  the  left  bank 
totbe  Sny  Levee^  this  distance  bein^  covered  only  a  few  feet  in  depth  daring  high 
^ster.  On  the  riflht  bank  the  bluffs  run  close  to  the  river.  The  deepest  water  in 
the  section  was  about  30  feet,  at  low  water,  distant  about  400  feet  from  the  right 
baok.  The  bottom  of  the  river  was  uniform,  sloping  from  each  bank  towards  the 
deepest  part.     The  path  of  the  current  was  normal  to  section. 

Aatere  of  the  observations, — The  observations  mode  during  the  season  consisted  of: 
(1)  A  measurement  of  the  river's  discharge,  taken  every  available  day.  (2)  Slope 
of  the  river  surface  for  a  distance  of  2,(*00  feet  above  and  2,U00  feet  below  the  dis- 
charge-sect i op.  (3)  Sediment  samples  of  the  water  taken  at  different  points  in  the 
Mction  at  various  stages,  to  determine  the  amount  of  sediment  carried  in  suspension. 
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(4)  Dredf^ing^  obtainiuff  specimens  of  the  bottom  of  the  river,  to  determlDe  material 
and  changes  in  material.    (5)  Tri-daily  readings  of  the  wat«r-gauge. 

DtBoharge. — Discharge  observations  with  the  rod-float  plant  were  commenced  No- 
vember 11,  and  were  continued  November  12,  13,  and  15.  These  observations  had  to 
be  discontinued,  with  the  exception  of  Deceml)er  13  and  14,  on  account  of  running  ice, 
until  the  river  froze  over,  whicn  occurred  on  December  29.  From  January  3  to  March 
10,  inclusive,  discharge  observations  were  taken  bv  cutting  holes  in  the  ice  and  using 
a  current-meter.  Aft«r  the  ice  had  broken  up  and  ceased  ruunine  (April  7),  the  wire 
anchorage  was  ap^in  put  in,  and  the  discharge  observations  with  roa-float  plant  re- 
sumed, and  continued  to  October  12,  when  observations  at  the  station  were  discon> 
tinned.  During  the  season  94  discharges  were  obtained,  29  of  which  were  meter  dia- 
oharges.  The  discharffe  observations  were  reduced  and  computed  during  the  season, 
and  the  results  forwarded  to  the  office  at  Saint  Louis,  Mo.  Taking  a  discharge  con- 
sisted in  obtaining  a  cross-section  of  the  river  by  means  of  soundings,  and  determin- 
ing the  velocity  or  the  current  at  various  points  in  the  section.  The  soundings  were 
taken  either  with  a  pole  or  a  lead-line,  and  were  25  feet  apart.  A  20-pound  lead  was 
used.    Velocities  were  taken  every  100  feet  hj  means  of  rod-floats  or  current-meter. 

In  determining  velocities  by  means  of  rod-floats  6  rods  were  run  to  each  station,  and 
a  mean  taken  for  the  observed  velocity  at  that  point.  When  the  current-meter  was 
used  a  mid-depth  and  an  integrated  velocity  were  taken  at  each  station. 

In  reducing  and  computing  rod  discharges,  the  observed  velocities  of  the  rods  were 
reduced  to  the  mean  velocity  in  the  vertical  section  by  lYancis'  formula,  t.  e. : 

in  which  "'  =«•(  l-O- "«[  V^-»- 1]  ) 

r'  =  mean  velocity. 
r  =  observed  velocity. 
D  =  depth  of  water. 
D'  =  immersiou  of  rod. 

The  cross-section  was  divided  into  partial  areas  by  ordina»es  midway  between  the 
observing  stations.  The  mean  of  the  result  of  rods  run  at  any  station  was  multiplied 
into  the  corresponding  partial  area,  and  the  partial  discharges  thus  obtained  were 
added  together  for  the  total  discharge.  The  latter  quantity  was  divided  by  the  total 
cross-section  for  the  mean  velocity  of  the  river.  The  meter  discharges  were  com- 
puted in  the  same  manner,  with  the  exception  that  a  mean  of  the  mid-depth  and  in- 
tegrated velocity  at  each  station  was  multiplied  into  its  correspondiug  partial  cross- 
section. 

In  taking  discharges  with  rod  floats,  the  following  plant  was  used,  the  principal 
features  being  the  wire  anchorage,  the  electrical  float  apparatus,  and  the  rod  floats; 

The  wire  anchorage  consisted  of  a  No.  9  steel  wire  running  across  the  river  and 
fastened  at  each  shore.  From  this  cross-wire  anchor  wires  ran  up  stream  every  100 
feet.  The  anchor  wires  were  200  feet  lon^,  one  end  being  fastened  to  the  cross-wire 
and  the  other  to  a  large  stone  weighing  trom  two  to  three  hundred  pounds.  When 
not  in  use,  this  wire  system  lay  at  the  bottom  of  the  river. 

The  electrical-float  apparatus  used  was  rigged  in  the  following  manner:  Across  the 
stem  of  a  22  foot  skiff  is  bolted  an  outrigger  20  feet  long  and  five  inches  wide,  which 
is  graduated  to  feet.  From  the  extremities  of  this  outrigeer  two  wires,  each  100 
feet  long,  supported  on  battens,  trail  down  stream,  and  to  their  lower  ends  is  attached 
another  similar  strip  supported  on  three  buoys ;  the  upper  and  lower  strips,  together 
with  the  two  side  wires,  forming  a  parallelogram  20  by  100  feet.  On  the  up-stream 
face  of  the  lower  outrigger  is  fastened  a  strip  of  sheet  copper  one  inch  wide  extending 
the  whole  length  of  the  ooard.  In  front  of  the  above  copper  strip  is  stretched  a  sim- 
ilar copper  band,  supported  at  each  end  on  wooden  bridges. 

The  strip  of  copper  which  is  fastened  to  the  face  of  the  lower  outrigger  is  con- 
nected with  an  insulated  wire  running  along  one  of  the  wires  forming  the  parimelo- 
grani,  and  the  copper  band  in  front  of  the  strip  is  connected  with  a  similar  insulated 
wire  running  along  the  other  wire  of  the  parallelogram.  The  two  insulated  wires 
lead  into  the  upner  skiff,  where  they  are  connected  with  a  battery  and  electric  bell. 
At  the  middle  of  the  lower  outrigger  is  attached  a  skiff  used  in  catching  the  floats. 
The  rods  used  were  cylindrical  in  shape,  1^  inches  in  diameter  and  from  3  to  25  feet 
in  length.  To  the  bottom  of  the  rods  were  attached  tin  cans  of  the  same  diameter  as 
the  rods  and  from  12  to  30  inches  long.  These  cans  were  filled  with  shot,  thus  erabl- 
ing  the  rods  to  float  in  an  upright  position.  A  discharge  with  the  float  apparatus 
was  taken  in  the  following  manner:  The  apparatus  having  been  gotten  ready,  the 
shore-end  of  the  cross- wire  was  raised  and  put  over  the  bow  of  the  upper  skiff,  where 
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U  imn  over  a  wheel.    The  whole  apparatus,  consiBting  of  upper  skiff,  side  lines,  aod 
lower  skiff,  was  then  moved  along  the  cross- wire.    At  every  25  feet  halt  was  made 
and  a  sounding  taken.     When  a  velocity  station  was  reached,  which  was  every 
hundred  feet,  heing  also  where  one  of  the  anchor  wires  ran  up  stream,  the  skiff  was 
made  fast  and  velocity  observations  takeu  in  the  following  manner:  A  rod  float  was 
taken  and  weighted  so  as  to  run  as  near  as  possible,  without  touching,  to  the  bottom, 
and  allow  from  one  to  two  feet  projecting  above  the  surface  of  the  river.    It  was  then 
pnt  into  the  water  at  the  head  of  the  skiff  and  allowed  to  float,  and  as  it  passed  under 
the  upper  outrigger  a  stop-watch  was  started.    At  the  instant  the  float  struck  the 
lower  outrigger  the  stop-watch  was  stopped  and  the  time  taken.    The  striking  of  the 
float  was  annonocf'd  in  the  upper  skift'  by  means  of  the  electric  bell,  a  circuit  being 
formed  by  means  of  the  two  copper  strips  on  the  lower  outrigger  coming  in  contact 
when  the  float  struck  it.    Both  outriggers  were  graduated  from  1  to  20  feet,  aud  as 
i  float  passed  under  the  upper  one,  the  number  under  which  it  passed  was  noted, 
likewise  the  number  on  the  lower  outrigger  where  it  struck  was  noted.     If  the  num- 
ben  were  the  same,  the  distance  traveled  by  the  float  was  100  feet,  the  path  of  the 
flost  being  parallel  to  the  sides  of  the  rectangle.    If  the  direction  of  the  float  was 
eiiber  to  one  side  or  the  other,  the  departure  was  denoted  by  the  difference  of  the  two 
leadings,  on  the  upper  and  lower  outrigger,  and  the  distance  traveled  by  the  float 
computed.    After  a  sufficient  number  of  floats  had  been  run  at  a  station,  the  whole 
apparatus  was  moved  along  the  wire  to  the  next  station,  100  feet  distant,  and  the  vel- 
ocity oUservations  repeated,  halt  having  been  made  every  25  feet  to  take  a  soundins. 
The  above  observations  were  repeated  at  each  successive  station  until  the  other  ai& 
of  the  river  was  reached. 

Dariog  the  time  that  the  river  was  frozen  over,  the  current  observations  for  the 
diBcbarge  w<*re  taken  with  a  current-meter.  Holes  were  cut  through  the  ice  every  25 
feet,  covering  the  whole  width  of  the  river.  Through  the  holes  soundings  and 
velocity  observations  were  taken.  The  velocity  stations  were  100  feet  apart  and  in 
the  same  places  as  before,  i.  0.,  when  the  float  apparatus  was  used.  The  apparatus 
med  for  the  current  observations  consisted  of  a  modified  Ellis  meter,  an  electrical 
battery  of  two  cells,  an  electric  register,  a  stop-watch,  a  mushioom  anchor,  to  which 
is  attached  a  ^inch  wire  rope  on  which  the  meter  was  let  up  and  down,  and  75  feet 
of  iosnlated  copper  wire.  In  taking  velocity  observations  through  holes  cut  in  the 
ice,  the  meter  was  let  down  on  a  vertical  wire ;  this  vertical  wire  was  held  on  the 
bottom  of  the  river  by  means  of  a  mushroom  anchor,  the  upper  end  being  fastened 
to  a  stake  in  the  ice.  The  meter  was  let  down  by  means  of  a  wire  around  which  was 
twisted  the  insulated  wires,  forming  the  circuit  between  the  meter  and  the  battery 
and  register.  Mid-depth  velocities  were  taken  by  letting  the  meter  down  to  the  re- 
quired depth  and  allowing  it  to  run  from  three  to  five  minutes,  the  number  of  revo- 
lotions  as  recorded  by  the  register  being  put  down  at  the  end  or  each  minute. 

Integrated  velocities  were  taken  by  moving  the  meter  at  a  continuous  uniform  rate 
from  top  to  bottom  and  back  to  surface,  time  and  number  of  revolutions  being  re- 
corded at  starting,  arrival  at  bottcHn,  and  return  to  surface.  The  meter  was  rated  at 
beginning  and  tested  several  times  during  the  period  that  the  meter  was  used. 

Shpe-^uget. — The  slope-gauges  were  read  on  71  different  days,  eztendin|;  from  June 
11, 18£^,  to  October  12, 1881.  The  slope-gauges  had  been  erected  the  previous  Novem- 
ber, bnt  were  continually  knocked  out  by  ice  and  lumber  rafts.  After  June  11  no 
tronble  was  experienced.  The  gauges,  9  in  number,  were  placed  on  the  Illinois  side 
of  the  river,  4  above  and  4  bel^w  the  discharge-section,  the  remaining  one  being  on 
the  discharge' section.  They  were  set  by  means  of  a  level,  and  were  frequently  tested. 
The  horizontal  distance  between  each  gauge  was  500  feet,  embracing  in  ail  4,000 
ftet  of  the  river. 

The  gauges  used  were  of  the  vertical  type,  graduated  to  feet  and  tenths,  and  the 
nadiags  estimated  to  hundredths.  They  were  read  as  near  simultaneously  as  possi- 
ble, the  entire  party  being  distributed  along  the  line,  reading  the  gauges  at  a  given 
aigual. 

£edt«ent.^Mliment  was  taken  73  times  at  various  intervals  from  December  3, 
1^,  to  October  12,  1881,  the  intervals  depending  on  the  turbidity  of  the  river. 
Daring  high  stages  the  observations  were  taken  daily,  and  during  lower  stages,  when 
the  river  contained  little  or  no  sediment,  once  a  week.  In  taking  sediment,  the  section 
WIS  divided  into  8  equi-distant  stations.  At  each  station  6  samplea  of  2  ounces  of 
water  were  taken  by  means  of  the  slip-bottle,  two  samples  from  the  surface,  two  from 
mid-depth,  and  two  from  the  bottom.  The  samples  of  water  were  pnt  in  bottles  aud 
sent  to  the  Saint  Louis  office,  where  they  were  analyzed  and  the  amount  of  sediment 
determined. 

Dredging, — From  January  5,  1881,  to  October  14,  thirty-nine  consecutive  sets  of 
dretlgings  were  takeu  to  determine  the  change  in  the  material  composing  the  bottom 
of  the  river  at  the  section.  The  section  was  dredged  once  a  week.  Specimens  of  the 
bottom  of  the  river  were  taken  from  seven  different  points  in  the  section  at  each 
<^ging  from  January  5  to  March  7. 

H.  Ex.  37 17 
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From  March  24  to  October  14  nine  different  points  in  the  section  were  taken,  two 
more  stations  being  added  on  the  Illinois  side  of  the  river. 

From  January  5  to  March  7,  the  dredgings  were  made  through  holes  cut  in  the  ice  in 
the  manner  described  below.  From  March  24  to  October  14,  the  dredging  was  done 
from  a  skiff,  by  means  of  a  canvas  bag  surrounding  an  iron  fiume,  to  which  a  rope 
was  attached. 

The  stations  used,  with  the  addition  of  the  two  mentioned  above,  were  the  same  as 
previous  dredgings. 

A  specimen  of  the  bottom  of  the  river  obtained  by  each  dredging  waa  kept,  dried^ 
and  analysed. 

The  specimens,  324  in  number,  put  in  tin  boxes  and  labeled,  were  forwarded  to  Saint 
Louis,  Mo.  The  specimens  were  analyzed  in  the  field,  and  the  resulto,  in  tabular  form, 
comprising  39  sheets,  forwarded.  When  dredging  through  holes  in  the  ice  the  following- 
described  dredge  waa  found  to  answer  the  purpose.  It  consisted  of  a  cylinder  of 
sheet-iron  18  inches  long  and  6  inches  in  diameter,  open  at  one  end  and  closed  at  the 
other.  A  strip  of  wrought  iron  1  by  ^  by  20  inches  was  riveted  to  the  outside  (length- 
wise) of  the  cylinder,  and  allowed  to  project  a  few  inches  beyond  the  open  end.  To 
this  strip  was  screwed  a  rod  made  of  half-inch  gas-pipe.  The  rod  was  composed  of 
sections,  each  7  feet  long,  with  gas-pipe  couplings  for  screwing  together,  thereby  per- 
mitting the  rod  to  he  lengthened  or  shortened,  as  the  depth  required. 

The  section  nearest  the  cylinder  was  bent  upwards  at  an  angle  of  about  130°,  allow- 
ing the  cylinder  to  be  pulled  along  the  bottom,  scooping  up  the  material.  The  dredge 
was  let  into  the  water-cylinder — end  down  stream.  In  pulling  it  up  to  the  surface, 
the  cylinder  assumed  a  perpendicular  position,  thereby  enabling  the  material  from  the 
bottom  to  be  brought  up  without  undergoing  any  change  by  having  the  smaller  par- 
ticles washed  out.  The  dredge  was  found  to  work  without  fail  every  time  and  at  all 
depths  in  the  section. 

Very  respectfully,  your  obedient  servant, 

HOMER  P.  RITTER, 

Au^Mtamt  Engimeer, 

First  Lieut.  Smith  S.  Lbach, 

Secretary  Mi9m8ippi  Biver  CommiMnan. 


8.— At  Qrafton,  III.,  J.  H.  Davis,  Assistant  in  Charok. 

(NOTS.— Recults  in  Beport  of  CommiMioii  for  1882,  p«go  142.) 

Office  Mississippi  Riykb  Commission, 

Saint  Louis,  Mo,,  July  13,  1883. 

Sir  :  I  have  the  honor  to  submit  the  following  report,  on  the  observations  at  Graf- 
ton, Illinois,  made  from  October  15,  1880,  to  October  25,  1881. 

The  scene  of  operations  was  reached  by  the  assistant  about  the  middle  of  October. 
There  was  neither  material  nor  assistance  at  hand,  so  that  little  more  than  locating 
could  Ife  done  during  the  first  week.  Upon  the  arrival  of  two  boatmen,  a  reconnais- 
sance of  the  most  favorable  portion  of  the  river  was  made,  for  the  purpose  of  locating 
a  gauging  section.  Upon  the  arrival  of  C.  L.  Harrison,  recorder,  the  party  was  com- 
plete, consisting  of  assistant,  recorder,  and  two  boatmen.  There  was  a  good  deal  of 
preliminary  work  to  be  done'in  nutting  up  gauges,  constructing  plant,  putting  in 
anchorage,  laying  off  ranges  and  putting  up  signals.  Owing  to  the  fact  that  no 
instruments  were  furnished,  and  the  material  and  tools  were  delayed,  much  time 
was  lost  unnecessarily  in  this  work.  Most  of  it  had  to  be  done  with  borrowed 
utensils.  Finally,  on  the  13th  of  November,  the  preparations  had  advanced  suffi- 
ciently to  measure  a  discharge  by  the  method  of  plant  set  forth  in  the  instructions. 

The  serial  work  consisted  of— 

1st.  Discharge  observations. 

2d.  Sediment  observations. 

3d.  Dredgine  observations. 

4th.  Slope  oueervations. 

5th.  Determining  vertical  velocity  curves. 
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STATEMENT. 

The  diBcharge  observations  were  made  daily,  when  practicable,  Sandav  excepted.. 
Daring  the  year  191  discharges  were  measured.  They  were  distribated,  by  method, 
as  follows : 

By  dooble  floats,  located  with  transit 80^ 

By  rod  floats,  located  with  transit ^ 25 

By  double  floats,  with  plant • C 

By  rod  floats,  with  plant 99^ 

By  doable  floats,  not  located. 26 

By  current  meter 15 

Total 19J 

The  sediment  observations  were  very  irregular  in  the  early  part  of  the  season. 
Soon  after  the  work  began,  the  boats  stopped  running  on  account  of  ice,  and  did  not 
raomeoDtil  March.  Daring  this  period  there  was  no  way  of  forwarding  specimens, 
audio  none  were  taken.  After  the  boats  commenced  rnnning  again,  sediment  was 
taken  daily,  with  few  exceptions,  antil  Angnst,  when  it  was  taken  weekly.  Several 
oniasions  occurred  on  account  of  the  shipping-boxes  not  being  promptly  returned. 
Daring  the  year  98  sets  of  samples  were  taken  and  forwarded  to  the  office. 

The  dredgings  were  taken  monthly,  after  and  including  March.  The  instructions 
to  take  them  were  not  received  till  late  in  December,  and  it  was  impossible  to  obtain 
Mmplet  daring  the  months  of  January  and  February.  Ten  sets  of  specimens  were 
taken  and  forwarded  to  the  office. 

The  slope  observations  were  made  daily  when  more  important  work  did  not  occupy 
the  fall  time.  A  large  number  of  the  observations  were  rendered  worthless  bv  the 
gaaj^es  being  destroyed  before  a  level  was  obtained  with  which  to  connect  them. 
Aboot  125  sets  of  serviceable  observations  were  made. 

The  vertical  velocity  observations  were  made  with  the  meter  during  the  ice  period. 
Daring  the  month  of  January  119  curves  were  determined  at  13  different  stationa 
•croiB  the  river. 

Ditekarge  ohaervationB, — As  already  st4»ted,  the  first  discharge  was  taken  on  Novem- 
her  13;  another  was  taken  on  the  15th,  both  being  by  the  plant  method.  On  the  16th 
of  November  the  ice  commenced  to  flow  in  large  quantities,  and  from  that  date  till 
March  7  the  river  was  not  clear  of  it. 

After  a  few  days  of  running  ice  the  river  blocked,  but  did  not  freeze  over.  For 
several  weeks  there  were  immense- fields  of  ice  that  covered  more  than  half  the  river, 
hut  were  not  solid  enough  to  work  upon.  This  continued  through  December,  during 
wlueh  time  it  was  impossible  to  measure  discharges.  As  soon  as  the  river  became 
iohd  in  January,  the  meter  was  brought  into  immediate  use.  The  ice  remained  solid 
till  the  2d  of  February,  and  the  meter  was  employeil  up  to  that  time:  there  were  a 
few  omissions  owing  to  repairs  needed  on  the  instrument.  Although  the  ice  became 
too  weak  for  further  work  upon  it  early  in  February,  it  did  not  break  away  till  the 
lilt  of  the  month.  Meanwhile  no  discharges  could  be  meanured.  As  soon  as  the  ice 
MooMnoed  to  flow,  discharges  were  taken  by  timing  ice  chunks,  a  few  floats  being 
nu  where  a  skiff  could  be  handled.  The  aistanoes  were  all  estimated  by  guess. 
After  the  ice  stopped  running,  the  use  of  double  floats  was  continued  until  a  new  an- 
chorage coold  be  put  in  and  arrangements  made  for  using  the  plant ;  during  March 
lod  April,  twenty-six  sets  of  observations  were  made  in  this  way.  On  the  5th  of 
April  the  anchorage  was  completed  and  the  original  method  by  plant  resumed.  By 
thia  time  the  river  was  becoming  very  high.  After  five  sets  of  obnervations  were 
Ottde  with  the  plant  the  anchorage  was  swept  away  by  the  swelling  volume  of  water, 
fiopeated  efforts  were  made  to  replace  it.  Several  wires  were  strerched  across  the 
river,  bat  were  broken  before  being  used ;  some  of  the  breaks  were  occasioned  by 
loga  catching  on  them  near  shore.  Finally,  upon  witneraing  the  wire  break  in  mid- 
■tieam  from  the  force  of  the  current  alone,  all  efforts  to  keep  it  in  were  abandoned, 
^n  an  argent  reqnest  a  transit  was  famished  the  party^  and  on  April  16  the  fir^t 
Kt  of  observations  was  made  with  double  floats  located  from  shore.  This  method 
^•akept  up  till  the  middle  of  July,  ninety-one  discharges  having  been  taken  in  this 
waj. 

About  the  middle  of  July,  free  rods  were  substituted  for  double  floats,  the  river  then 
^g  low  enongh  to  handle  them  conveniently.  This  was  not  practicable  in  high 
vater,  with  a  aCiff  party  of  only  two  boatmen,  who  hsMl  to  manage  the  skiff,  bandle 
^  floats,  take  and  record  the  soundings.  Free  rods  were  used  and  located  with 
tnosit  until  August,  25  discharges  being  taken.  On  the  19th  of  August  the  plant 
■Mtbod  was  resnmed,  the  river  havia£[  become  sufficiently  low  to  make  it  practicable. 
Bods  were  now  nsed  exclusively.  This  method  was  kept  up  till  the  4th  of  October, 
thirty-eight  discharges  having  been  taken.    By  the  1st  of  October  the  river  had  again 
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« 
•risen  bank  full,  and  as  a  result  the  anchorage  was  again  carried  away.  Several  an> 
nnccessfiil  attempts  were  made  to  put  in  a  new  one.  At  this  time  the  party  con- 
siste<l  of  an  asftiBtaut  and  two  boatmen,  the  recorder  having  been  assignc^d  to  other 
duties.  After  spending  nearly  two  weeks  in  trying  to  put  in  a  new  anchorage,  it  was 
considered  nseless  to  make  any  further  effort  until  the  river  should  fall. 

The  party  was  now  too  small  to  resume  any  of  the  other  methods  employed,  so  it 
was  decided  to  occupy  the  time  in  running  some  additional  levels  to  check  the  slope 
gauges,  and  to  connect  the  daily  gauge  with  a  precise  level  bench. 

On  the  l.Oth  of  October,  instructions  were  received  to  close  the  work  on  the  25tfa  of 
October,  and  report  at  the  office  at  the  earliest  convenience. 

Description  of  metJukU  employed  in  dieckarge  meaeuremente, 

Ist.  By  plant — ^The  method  described  in  your  report  contained  in  the  progress  re- 
port of  the  Commission  for  1882,  was  not  materially  departed  from.  In  case  of  an 
up-stream  or  cross-stream  wind,  it  was  found  necessary  to  drop  a  small  anchor  at  the 
stern  of  the  lower  skiff,  in  order  to  keep  the  side  wires  stretched.  The  immersion  of 
rod  required  at  each  station  was  determined  by  longitudinal  soundings  made  about 
three  times  a  week. 

2d.  By  double  floaU. — ^They  were  located  iustmmenlally  on  two  ranges  100  feet 
apart.  The  angles  were  taken  with  a  transit  stationed  at  the  end  of  a  940-foot  base. 
Telegraphic  signals  were  given  at  the  time  of  the  floats  ^^rossing  the  ranges.  The 
observer  determined  when  the  float  reached  the  range,  by  sighting  across  a  vertieiU 
wire  kept  in  line  with  a  signal  on  the  opposite  side  of  the  river.  A  pair  of  binocu- 
lars was  used  to  enable  him  to  see  the  float  distinctly;  the  wire  and  signal  could  alao 
be  seen  at  the  same  time.  The  observer  that  gave  signals  also  timed  the  float  with 
a  stop-watch.  Soundings  were  taken  upon  each  of  the  ranges  by  one  of  the  boatmen, 
who  also  act^d  as  recorder.  The  boatmen  also  manipulated  the  floats.  The  skiff 
v^as  kept  directly  behind  the  float,  and  the  soundings  were  taken  in  its  path. 

In  the  observations  made  without  the  use  of  a  transit,  the  distance  of  the  float 
from  shore  was  estimated  by  guess  by  an  observer  in  the  skiff.  Only  four  or  five 
points  in  the  section  were  estimated  in  this  wa.\,  the  others  being  interpolated.  A 
snrprising  degree  of  accuracy  was  attained  in  this  way,  as  shown  by  the  regular 
increase  of  the  water  area  for  that  period,  from  the  first  of  March  to  the  middle  of 
April.  The  velocities,  depending  to  considerable  extent  upon  the  correaponding 
stage  of  the  Missouri  River,  do  not  increase  so  regularly. 

3d.  By  the  owrrent  meUr, — ^This  method  was  employed  when  the  river  was  froeen 
over.  Twelve  stations  were  located  at  equal  intervals  across  the  river.  At  each 
station  a  hole  was  cut  in  the  ice  sufficiently  large  for  lowering  the  met«r  and  the 
accompanying  apparatus.  The  meter  was  clamped  to  a  foot-piece  that  worked  on  a 
standing  wire  attached  to  a  weight  that  rested  on  the  bottom.  The  met«r  was  low- 
ered on  the  wire  by  means  of  a  cord,  graduated  so  that  any  desired  depth  could  be 
reached.  The  greatest  river  depth  at  that  time  was  about  14  feet,  so  that  the  meter 
could  be  lowered  to  the  bottom  with  perfect  ease.  At  each  of  the  stations  the  work 
consisted  of  velocities  at  mid-depth  and  by  integration,  and  also  at  all  depths,  when 
it  was  desired  to  take  a  vertical  curve.  At  ni id-depth  the  meter  was  run  several 
minutes,  being  timed  for  each  n>inute  separately.  Tbe  integration  was  taken  from 
the  surface  to  the  bottom  and  return.  In  this  the  time  and  revolutions  of  the  meter 
were  taken  at  the  bottom  without  stopping  the  motion  of  the  meter.  A  uniform 
movement  was  maintained  during  the  integrations  by  letting  out  and  taking  in  tiie 
cord  regularly  by  hand.  It  was  impossible  to  use  a  reel  for  this  purpose  on  aoconnt 
of  the  cord  becoming  frozen  soon  after  reaching  the  surface.  To  prevent  the  meter 
from  becoming  covered  with  ice  when  changing  stations,  it  was  immersed  in  a  tab 
of  water.    The  adjustments  had  to  be  made  uncler  water. 

Rating. — ^The  meter  was  rated  in  the  following  manner :  A  longitudinal  cnt  a  fool 
wide  and  about  150  feet  in  length  was  made  in  the  ice  of  a  pond  containing  water  1^ 
to  2  feet  in  depth.  The  meter  was  clamped  to  an  iron  rod,  secured  in  a  vertical  posi- 
tion ai  the  front  end  of  a  sled  that  was  mude  to  run  astride  the  longitudinal  opening. 
Two  flanges  were  placed  inside  of  the  runners  and  made  to  move  along  the  opening 
to  prevent  the  sled  from  turning  either  to  the  rigbt  or  left.  A  uniform  movement  of 
the  sled  was  obtained  by  pushing  it,  the  men  taking  even  steps  meanwhile.  The  meter 
being  clamped  on  the  rod  was  immersed  to  a  depth  of  about  1  foot.  That  was  con- 
sidered sufficient,  as  there  was  little  disturbance  of  the  surface  water  during  the  ope- 
ration. The  meter  was  timed  over  a  distance  of  100  or  125  feet.  A  rating  consisted 
of  from  20  to  30  observations,  the  rates  varying  from  ^  to  .8  feet  per  second.  During 
the  u»e  of  the  meter  there  were  5  ratings  made. 

Sediment  observations. — Samples  were  taken  at  8  points  on  the  gauging  section.  They 
were  taken  at  the  surface,  at  mid-depth,  and  Ufur  the  bottom.  Tht»se  were  combined 
yertically  and  horizontally.  The  vertical  combination  for  any  station  contained  two 
ounces  at  each  depth  placed  in  one  bottle.    Eight  bottles  were  thus  required  for  one 
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day's  NMDples.  In  the  horizontal  combination,  two  onuoen  of  each  of  the  surface 
samples  -were  placed  in  one  bottle,  two  oances  of  each  of  the  mid-depth  samples  were 
placed  in  a  second  bottle,  and  two  ounces  of  each  of  the  bottom  samples  were  placed 
in  a  third  bottle.  Three  bottles  were  thas  required  for  a  day's  samples.  The  bottles 
containing  the  samples  were  sealed,  properly  labeled,  and  forwarded  to  the  office  at 
regnlar  intervals.    The  analysis  was  made  under  your  supervision. 

Dred§img  ohBervatians. — ^The  samples  were  taken  with  a  bucket  designed  and  con- 
•tmcted  during  the  progress  of  the  work.     It  was  of  the  following  construction: 
Two  of  its  faces  were  trapezoids,  the  remaining  four  being  rectangles.    The  bottom 
was  considerably  enlarged  in  one  direction.    The  height  was  about  one  and  a  half 
times  any  other  dimension.    The  bucket  had  a  bail  and  a  hinged  lid,  so  connected 
that  the  lid  was  closed  when  the  bucket  hung  Ycrtically.     Upon  inclining  the  bucket 
the  lid  was  thrown  open.    The  bucket  was  so  balanced  that  when  empty  it  huu^  at 
an  angle,  the  lid  being  open.    Upon  filling  it  with  any  heavy  material  a  vertical 
position  was  assumed,  the  lid  then  being  closed.     There  was  also  a  strip  of  iron 
meted  across  the  bottom,  that  caused  the  bucket  to  fall  forward  upon  reaching  the 
bottom.    In  this  position  it  was  easily  filled.     Upon  lifting  it  up  a  vertical  position 
WM  aasmned,  the  lid  closed,  and  the  sample  preserved.    The  bucket  was  made  water- 
tight so  as  to  hold  the  finest  material.    The  bucket  was  lowered  while  drifting,  and 
fiUed  by  rowing  a  few  strokes  down-stream.    The  boat  was  then  held  up  somewhat 
by  backing,  until  the  bucket  was  brought  to  the  surface.    The  apparatus  worked 
with  entire  satisfaction.     The  samples  were  taken  at  six  stations,  distributed  ml 
•qaal intervals  across  the  river;  from  1  to  2  pints  were  preserved.    They  were  placed 
m  tin  cans,  which  were  carefully  closed,  packed  in  a  large  box  and  forwarded  to  the 
ffflce.   No  analysis  was  made  of  them  in  the  field  for  want  of  a  miscroscope. 

Skpe  chiervatiana, — The  method  of  obtaining  slope  was  by  making  simultaneous 
Kidings  on  a  series  of  gauges,  erected  at  regular  intervals  along  shore.  For  this 
porpose,  9  gauges  were  erected  500  feet  apart,  extending  for  a  distance  of  2,000  feel 
above  and  below  the  gauging  section.  The  gauges  were  graduated  to  half  tenths  of 
afoot,  and  by  means  of  a  vernier  could  be  read  to  thousandths,  approximately.  In 
taking  the  readings,  a  box  was  placed  around  the  gauge,  that  extended  about  2  feet 
below  the  surface.  The  water  was  admitted  throngh  a  small  aperture  in  the  bottom 
of  the  box.  In  this  way,  surface  waves  were  kept  away  from  the  gauge  while  being 
raid.  In  reading  the  gauges,  the  force  was  divided  into  two  parties,  each  one  having 
aikiff.  One  party  went  to  the  upper  gauge,  A,  and  the  other  to  the  middle  gauce, 
£•  Upon  a  signal  passing,  both  parties  commenced,  and  read  down-stream  as  rapidly 
att  poeeible.  Gauge  E  was  read  a  second  time  by  the  upper  party  upon  reaching  it. 
Having  been  read  at  starting  by  the  lower  party,  any  change  that  had  occurred  could 
be  detected,  and  corrections  made  accordingly  on  all  the  readings.  Unfortunately, 
a  good  deal  of  work  in  this  connection  was  lost,  on  account  of  having  no  level  till 
late  in  the  summer.  All  the  gauges  that  had  been  read  previous  to  March  17  were 
destroyed  by  ice,  no  connection  having  been  made.  These  were  on  'he  Illinois  shore. 
A  new  set  was  erected  on  the  Missouri  shore  about  March  17.  A  great  number  of 
gauges  bad  to  be  put  in  at  each  station  as  the  river  went  down.  When  a  new  one 
vaspat  up,  it  was  checked  by  the  one  previously  in  use.  In  this  way  a  continuous 
Rt  of  gauge  readings  was  obtained  at  most  of  the  stations,  until  a  level  was  received 
about  July  15,  and  connection  made.  However,  many  of  the  gauge  rods  were 
•lightly  disturbed,  at  times,  by  caving  banks  and  floating  logs.  For  this  reason,  the 
dupe  for  short  reaches  cannot  be  implicitly  relied  on  in  all  cases.  The  slope  for  the 
whole  reach  will  be  found  more  reliable,  as  the  errors  are  not  large  enough  to  mate, 
naily  affect  the  total  fall. 

Vertical  velocity  curves. — These  were  taken  with  the  meter,  during  the  ice  season , 
and  in  connection  with  the  discharge  work.  The  velocities  were  obtained  by  taking 
Binnte  observations,  at  points  one  foot  apart,  from  the  surface  to  the  bottom.  The 
iughest  point  was  taken  Just  below  the  under  sufface  of  the  ice.  The  lowest  point 
was  about  one  foot  firom  the  bottom,  The  meter  was  lowered  as  in  the  discharge 
^ork,  the  immersion  being  obtained  from  the  graduation  of  the  lowering  cord. 
Corves  were  taken  at  each  of  the  twelve  stations  used  in  measuring  discharges, 
^"jvee  curves  were  taken  at  a  station  located  in  deeper  water  than  any  found  on  the 
^iacharge  section. 

RKMARKS. 

After  the  observations  were  fairly  begun  in  January,  the  greater  part  of  the  time 
of  both  assistant  and  recorder  was  required  in  the  field.  All  the  spare  time  was 
ocenpied  in  computing  velocities  and  discharges.  With  the  exception  of  about  two 
veeks,  when  the  assistant  was  away,  the  velocities  were  computed  in  the  field.  About 
^  dischanree  were  also  computed.  The  remainder  of  the  computations,  the  tabula- 
tion and  plotting,  were  done  in  the  office  under  your  immediate  supervision.  During 
the  latter  part  of  November,  and  nearly  the  whole  of  December,  no  field  work  could 
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be  done  except  to  fttteud  to  the  slope  gauges.  The  remainder  of  the  time  of  the  aniat- 
ant  and  recorder  was  occupied  in  computing  some  tables  for  reducing  yelocitiet. 
In  this  way  much  time  was  saved  in  the  computations  made  during  uie  working 
season.  Mr.  C.  L.  Harrison,  recorder,  was  an  able  and  reliable  assistant.  During  my 
leave  of  absence,  extending  from  the  I2th  to  the  29th  of  September,  he  was  in  fiill 
charge  of  the  observations,  and  executed  t  be  work  with  entire  satisfaction.  The  aa> 
sistant  labored  under  great  disadvantages,  owing  to  the  location  of  the  station.  It 
was  frequently  impracticable  to  carry  out  the  instructions.  In  this  case,  the  method 
was  pursued  that  seemed,  in  the  judgment  of  the  assistant,  best  adapted  to  the  oir- 
oomstanoes. 

Respectfully  submitted. 

J.  H.  DAVIS, 

AsHsiant  Engineer. 

First  Lieut.  Smith  S.  Lbacu, 

Secretary  Mieeieeippi  River  Commieeion, 


9, — Pbobablb  Discharges  of  the  Mississippi  River  at  Various  Points,  During 

THE  Years  1881  and  1882. 

Table  alunoing  daily  diecharge  of  the  Miasiesippi  River  at  Presoott,  Wie.,  January  1, 18t^ 

to  January  1,  1883. 

[Computed  from  the  gauge  readings  by  a  formula  deduced  from  djacharge  obserrationa  at  the  aane 

point  in  1881.] 

IfOTB.-- Aa  rhe  Presoott  gauge  was  not  read  in  1882,  the  gauge  readings  at  Hasting:*,  Minn.  (3  ailH 
aboTS  Presoott),  were  taken,  uter  corrections  for  slope  and  changes  of  slope. 


Discharge 

in  1.000 
cubic  feet 

Discharge 

in  1,000 
cubic  feet 

( 

Diacharn 

Date. 

Gauge. 

Date. 

Change. 

Date. 

Gauge. 

inl.OJI 
,  cuUo  nst 

peraeoond. 

per  second. 

perseeesd. 

1882. 

j     1882. 

■ 

1882. 

Jan.     1 

180.8 

18 

Feb.  15 

180.4 

17 

>  Apr.     1 

184.2 

St 

2 

180.0 

18 

!           1« 

180.4 

17 

1             2 

184.7 

» 

8 

181.0 

10 

1           1^ 

180.4 

17 

\              3 

185.2 

V 

4 

18L2 

10 

18 

180.5 

17 

4 

185.7 

m 

9 

18L4 

20 

10 

180.5 

17 

5 

18&2 

43 

6 

181.5 

20 

20 

180.5 

17 

6 

186.7 

41 

7 

18L6 

21 

21 

180.6 

17 

7 

187.2 

M 

8 

181.7 

21 

22 

180.6 

17 

8 

187.  T 

54 

0 

18L0 

22 

28 

180.7 

18 

0 

188  2 

» 

10 

181.8 

22 

\           24 

180.7 

18 

10 

188.7 

0 

11 

18L8 

22 

25 

180.6 

17 

11 

189.2 

61 

12 

181.7 

21 

26 

180.5 

17 

12 

188.7 

n 

18 

18L6 

21 

27 

180.4 

17 

13 

190.3 

m 

U 

181.7 

21 

28 

180.5 

17 

14 

100  2 

71 

IS 

181.7 

21 

Mar.     1 

180.5 

17 

15 

190.1 

71 

16 

181.7 

21 

2 

180.0 

18 

16 

180.9 

75 

17 

181.7 

21 

3 

181.3 

20 

17 

180.8 

74 

18 

181.6 

21 

4 

18L8 

22 

18 

189.7 

71 

10 

181.6 

21 

5 

182.2 

24 

10 

189.6 

75 

20 

181.6 

21 

6 

182.7 

25 

20 

189.6 

72 

21 

181.6 

21 

7 

183.2 

28 

21 

189.5 

71 

22 

181.6 

21 

8 

183.2 

28 

22 

189.4 

71 

23 

181.5 

20 

0 

183.2 

28 

23 

189.3 

m 

24 

181.4 

20 

10 

183.1 

27 

24 

189.2 

m 

25 

181.3 

20 

11 

183.0 

27 

25 

189.1 

m 

26 

181.4 

20 

12 

182.8 

26  ! 

26 

189.1 

m 

27 

181.6 

20 

13 

182.7 

25 

27 

189.0 

m 

28 

181.4 

20 

14 

182.6 

25 

28 

189.0 

ti 

20 

181.3 

20 

15 

182.4 

24  1 

20 

189.0 

II 

80 

181.8 

20 

16 

182.2 

24 

30 

18&9 

• 

81 

181.2 

10 

17 

182.1 

23  1 

May    1 

18R.6 

o 

Feb.     1 

18L2 

10 

18 

182.1 

23 

2 

18a  5 

m 

2 

181.2 

10 

10 

182.1 

23 

3 

18&3 

« 

8 

181.1 

10 

20 

182.1 

23 

4 

188.2 

1 

4 

181.0 

10 

21 

182.2 

24 

5 

188.0 

6 

180.0 

18 

22 

182  2 

24 

6 

187.8 

» 

6 

1R0.0 

18 

28 

182.1 

23  1 

7 

187.6 

SI 

7 

180.8 

18 

24 

182.2 

24 

8 

187.4 

SI 

8 

180.8 

18 

25 

182.3 

24 

0 

187.2 

II 

0 

180.7 

18 

26 

182.3 

24 

10 

187.4 

11 

10 

180.7 

18 

27 

182.4 

24  i 

11 

187.6 

n 

11 

180.6 

17 

28 

182.7 

,    25 

12 

188.1 

« 

12 

180.6 

17 

20 

183.1 

27 

13 

188.6 

• 

18 

180.5 

17 

30 

183.4 

28  i 

14 

189.2 

« 

14 

180.5 

17 

31 

183.8 

30 

15 

189.8 

74 

\ 


BEPOBT   OF  THE   MISSISSIPPI   RIVER   COMMISSION. 


263 


Tmbie  §kowng  daily  dUoharge  of  the  MissUnppi  Biver  at  Pretoottt  Wis, — Continued. 
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21 

180.7 

18 

6 

17a  7 

10 

187.1 

50 

22 

18L0 

19 

7 

17a  9 

10 

187.0 

49 

23 

181.0 

19 

8 

17a  9 

11 

188.7 

46 

24 

18L0 

19 

9 

i7a9 

11 

186.4 

43 

25 

180.9 

18 

10 

179.0 

11 

1M.2 

42 

26 

18L2 

19 

11 

179.2 

12 

188.0 

41 

27 

18L5 

20 

12 

179.2 

12 

18&7 

89 

28 

181.6 

21 

13 

179.1 

12 

U 

18S.4 

88 

29 

18L7 

21 

14 

17a  1 

12 

u 

185.2 

37 

30 

181.6 

21 

15 

179.0 

12 

15 

185l0 

86 

31 

181.5 

20 

16 

179.0 

12 

16 

184.7 

35 

Sept    1 

181.1 

19 

17 

179.0 

12 

n 

184.5 

34 

2 

180.8 

18 

18 

17a  9 

12 

18 

184.8 

33 

3 

180.6 

17 

19 

17a8 

11 

l» 

184.0 

32 

4 

189.2 

16 

20 

17a  8 

11 

20 

184.2 

33 

5 

179.8 

14 

21 

17a  7 

11 

21 

184.4 

34 

6 

179.6 

14 

22 

nao 

10 

22 

185.7 

39 

7 

179.4 

13 

28 

17a  4 

10 

28 

185.0 

86 

8 

179.2 

12 

24 

i7a3 

•      6 

21 

185.5 

38 

9 

179.0 

12 

25 

17a  2 

9 

25 

186.0 

41 

10 

17&8 

11 

26 

17a  0 

9 

26 

188.0 

45 

11 

178.6 

10 

27 

177.8 

9 

27 

187.1 

50 

12 

17R.5 

10 

28 

177.5 

8 

28 

187.4 

53 

18 

17&3 

9 

29 

177.3 

7 

28 

187.7 

54 

14 

178.2 

9 

30 

177.1 

7 

88 

187.7 

54 

15 

17&1 

9 

Dec     1 

nao 

6 

»ly   1 

187.7 

54 

16 

17&0 

9 

2 

nas 

9 

187.7 

54 

17 

177.9 

9 

3 

nao 

5 

187.0 

53 

18 

177.8 

8 

4 

I7a6 

5 

187.0 

53 

19 

177.7 

8 

5 

I7a6 

5 

187.5 

53 

20 

177.6 

8 

6 

i7a6 

5 

187.8 

51 

21 

177.5 

8 

7 

I7a5 

5 

187.0 

40 

22 

177.4 

8 

i7a5 

5 

186.9 

48 

23 

177.3 

9 

I7a4 

5 

187.0 

49 

24 

177.8 

10 

I7a3 

5 

10 

187.0 

40 

i            25 

177.3 

11 

I7a2 

11 

187.1 

50 

26 

177.2 

12 

i7a2 

12 

187.2 

50 

27 

177.2 

13 

I7a2 

18 

187.3 

51 

28 

177.2 

14 

i7a2 

U 

186.9 

48 

29 

177.2 

15 

I7a2 

15 

186.6 

45 

30 

177.2 

16 

I7a3 

5 

18 

186.8 

43 

Oct      1 

177.2 

17 

i7a4 

5 

17 

186.1 

41 

2 

177.2 

18 

I7a5 

5 

18 

186.7 

89 

3 

177.3 

19 

i7a6 

5 

18 

18S.4 

38 

4 

177.3 

20 

i7a6 

5 

18 

186.1 

37 

5 

177.4 

i            21 

na6 

5 

21 

184.8 

35 

6 

177.4 

1            22 

I7a8 

6 

12 

184.5 

34 

7 

177.5 

23 

177.1 

7 

28 

184.3 

33 

8 

177.7 

24 

177.9 

9 

21 

188.9 

31 

9 

177.9 

25 

177.6 

8 

15 

188.7 

30 

10 

17&2 

26 

177.7 

8 

18 

183.6 

29 

11 

178.5 

10 

27 

177.8 

8 

» 

183.5 

29 

12 

17^7 

10 

28 

177.9 

9 

18 

188.5 

29 

13 

178.9 

11 

29 

nao 

9 

18 

183.4 

28 

14 

179.1 

12 

30 

nao 

9 

88 

188.3 

28 

15 

179.8 

18 

31 

nai 

9 

81 

188.3 

28 

16 

179.4 

13 

• 
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REPORT  OF  THE   MISSISSIPPI   RIVER   COMMISSIOK. 


TabU  ihowimg  dailjf  diteharge  of  the  MisBiuippi  River  at  Wimona,  Minn,^  January  1,  1882, 

to  January  1,  1883. 

fOoBipated  from  the  gauge  readings  by  a  formula  dednoed  from  dieoharge  obeervatione  at  the  eame. 

point  in  1881.1 


Discharse 

Discharge 

Discharg^^^ 

Date. 

Gauge. 

in  1,000 
onbic  feet 

Date. 

Gauge. 

in  1,000     ! 
cable  feet 

Date. 

Gauge. 

in  1.600^^ 
cubic  Cm^^^ 

per  second. 

per  second. 

. _ 

poreeooa^^ 

188S. 

1882. 

1882. 

• 

Jan.     1 

437.3 

30 

Mar.  16 

43a2 

36 

May  20 

44^7 

73 

a 

48a  6 

30 

17 

43a  1 

35 

80 

44a  6 

74 

3 

430.8 

48 

18 

43ao 

35 

31 

44a  6 

74 

4 

440.1 

60 

10 

43ai 

35 

June   1 

44a  5 

71 

6 

440.1 

50 

20 

438.1 

36 

2 

44a  4 

71 

6 

440.3 

61 

31 

43a2 

36 

3 

44a  3 

71 

7 

440.6 

54 

22 

43a3 

37 

4 

44a  3 

n 

8 

440.8 

56 

23 

43a3 

37 

6 

442.3 

71 

9 

440.8 

56 

24 

43a2 

36 

6 

44a  1 

m 

10 

440.8 

56 

25 

43ai 

35 

7 

44a  0 

es 

11 

440.8 

67 

26 

43a  1 

85 

8 

44ao 

68 

12 

44a8 

56 

27 

43a  2 

36 

0 

441.0. 

67 

13 

440.6 

64 

28 

43a5 

38 

10 

44L8 

66 

14 

440.4 

63 

20 

43a7 

30 

11 

441.7 

66 

15 

430.8 

48 

30 

430.3 

44 

13 

441.5 

68 

16 

430.4 

46 

31 

43a  8 

48 

18 

441.3 

61 

17 

488.8 

37 

Apr.    1 

440.1 

50 

14 

441.2 

16 

18 

43&1 

35 

2 

440.2 

51 

15 

44L0 

58 

10 

438  6 

30 

3 

440.3 

62 

16 

440..8 

56 

20 

430.3 

44 

4 

440.4 

53 

17 

440.5 

54 

21 

480  4 

45 

5 

440.8 

56 

18 

440.3 

58 

22 

430.7 

47 

6 

441.4 

62 

10 

440a 

50 

23 

430.6 

46 

7 

44L6 

64 

20 

438.9 

49 

24 

430.3 

44 

8 

442.7 

76 

21 

430.6 

46 

26 

430.2 

44 

,0 

443.6 

84 

22 

43a  6 

46 

28 

430.1 

43 

\^ 

444.2 

00 

23 

43a  8 

46 

27 

488.0 

41 

}1 

444.7 

06 

24 

440.2 

61 

28 

430.0 

42 

}2 

445.1 

100 

25 

440.8 

53 

20 

438.7 

30 

J3 

44a  4 

104 

26 

440.4 

53 

80 

487.6 

32 

14 

445.4 

104 

27 

441.0 

56 

81 

438.2 

36 

15 

445.2 

101 

28 

44L7 

65 

Feb.     1 

43a  6 

80 

16 

445.0 

00 

20 

44a  1 

60 

2 

48a8 

40 

17 

444.8 

07 

30 

44a  3 

71 

3 

43a7 

30 

18 

444.6 

05 

July    1 

44a  3 

71 

4 

48a  7 

30 

10 

444.3 

01 

2 

44a  3 

71 

ft 

48a  6 

80 

20 

444. 1 

80 

3 

44a3 

71 

• 

43a  6 

30 

21 

444.0 

88 

4 

44a  4 

73 

7 

43a  6 

SO 

22 

443.8 

86 

5 

44a  3 

71 

8 

43a  6 

30 

23 

443.8 

86 

6 

44a  1 

60 

0 

43a  5 

38 

24 

443.8 

86 

7 

44a  1 

60 

10 

43a  5 

38 

25 

443.8 

86 

8 

44a  1 

60 

11 

43a4 

37 

26 

443.6 

84 

0 

44a  1 

60 

12 

43a6 

38 

27 

443.6 

84 

10 

441.9 

67 

18 

43a7 

30 

28 

443.6 

84 

11 

441.8 

66 

14 

43a  6 

30 

29 

443.6 

84 

12 

441.8 

66 

16 

43a6 

30 

30 

44a  4 

82 

13 

441.7 

66 

16 

48a7 

30 

May     1 

44a  4 

82 

14 

441.7 

66 

17 

43a  8 

40 

2 

443.2 

80 

15 

441.7 

65 

18 

430.1 

43 

3 

44a  1 

70 

16 

441.7 

66 

10 

480.7 

47 

4 

443.0 

78 

17 

441.7 

65 

20 

440.2 

61 

5 

44a  0 

78 

18 

441.7 

65 

21 

430.4 

45 

6 

44a  8 

76 

10 

441.5 

63 

22 

430.7 

47 

7 

44a  6 

74 

20 

441.1 

59 

mm 

23 

440.1 

50 

8 

442.4 

72 

21 

440.8 

66 

mm 

24 

440:3 

62 

0 

442.3 

71 

22 

440.6 

65 

25 

440.4 

63 

10 

44a  3 

71 

23 

44a2 

51 

26 

44a2 

51 

11 

44^3 

71 

24 

440.0 

50 

48 

46 

46 

44 

48 

41 

42 

41 

41 

41 

41 

40 

41 

43 

42 

40 

27 

440.7 

56 

12 

442.3 

71 

25 

438.8 

28 

440.7 

56 

13 

44a  4 

73 

26 

48a6 

ICar.    1 

430.8 

48 

14 

44a  0 

77 

27 

43a  6 

2 

43a  0 

42 

16 

443.8 

86 

28 

43a  3 

3 

43a  6 

30 

16 

444.6 

05 

20 

430.1 

43a  6 

30 

17 

444.8 

97 

80 

430.0 

43a6 

30 

18 

444.7 

06 

31 

430.0 

43a  8 

40 

10 

444.6 

06 

Aug.    1 

43ao 

48a  0 

41 

20 

444.4 

02 

a 

43ao 

430.0 

42 

21 

444.2 

00 

3 

43ao 

430.0 

42 

22 

444.0 

88 

4 

43a  0 

10 

43a8 

40 

28 

444.4 

02 

5 

43a8 

11 

43a7 

30 

24 

443.5 

88 

6 

43ao 

12 

43a  6 

80 

26 

44a3 

81 

7 

4.30.0 

18 

43a6 

38 

26 

44a2 

80 

8 

48ao 

14 

43a4 

87 

27 

443.3 

81 

0 

43a  8 

16 

43KS 

87 

28 

44a  8 

76 

10 

43a6 
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iyU$8howim§  daily  dUdiwrge  of  the  in««Mpj?i  jBiver  at  Wincma^  Ifiiin.— Continued. 


Dtoto^ 

Osage. 

Discharge 

inljOOO 

eabic  feet 

per  second. 

Date. 

Gange. 

inl.00O 
cabio  feet 
per  second. 

* 
Date. 

Gaage. 

Discharge 

in  1,000 
cubic  feet 
per  second. 

IS82. 

f 

1882. 

1882. 

hBf.U 

438.8 

87 

Sept  28 

486.3 

24 

Nov.  15 

437.9 

84 

11 

48&2 

36  i 

29 

436.3 

24 

16 

4.37.9 

84 

IB 

43&0 

85 

30 

486.5 

'              25 

17 

43a  2 

8e 

14 

487.8 

33 

Oct.      I 

436.6 

25 

18 

43a  3 

87 

15 

487.8 

33  1 

2 

436.3 

24 

19 

438.4 

87 

16 

437.7 

83  1 

8 

436.2 

23 

20 

43a] 

85 

17 

437.6 

82 

4 

436.1 

23 

21 

43ai 

85 

18 

437.5 

81 

5 

436.1 

23 

22 

488.0 

35 

19 

487.2 

29 

6 

436.1 

23 

23 

487.9 

84 

30 

437.3 

80 

7 

486.3 

23 

24 

437.8 

88 

21 

437.3 

80 

8 

436.5 

25 

25 

487.7 

8> 

» 

437.3 

30 

9 

436.7 

26 

•26 

437.4 

M 

» 

437.8 

30 

10 

436.8 

26 

27 

437.3 

80 

M 

437.3 

80 

11 

436.9 

27 

28 

437.2 

2» 

ts 

437.3 

29 

12 

437.8 

80 

29 

436.9 

27 

SI 

437.6 

82 

18 

437.8 

88 

30 

436.8 

2e 

S7 

438.1 

85 

14 

48&1 

85 

Dec.     1 

436.7 

2e 

n 

438.3 

87 

15 

488.3 

87 

2 

436.4 

24 

» 

438.6 

39 

16 

438.7 

89 

8 

43^8 

24 

80 

48&8 

40 

17 

438.9 

41 

4 

43^2 

28 

n 

438.0 

42 

18 

439.0 

42 

5 

436.2 

23 

»Vi  1 

488.0 

42 

19 

489.1 

43 

6 

43&0 

38 

8 

439.1 

43 

20 

439.1 

43 

7 

437.7 

!!• 

8 

489.1 

43 

21 

489.1 

43 

8 

437.7 

u 

4 

43a9 

41 

22 

439.2 

44 

9 

437.8 

88 

5 

438.8 

40 

23 

439.2 

44 

10 

437.9 

84 

f 

48&5 

88 

24 

489.0 

42 

11 

437.9 

84 

7 

488.3 

36 

25 

43a7 

89 

12 

43a2 

86 

8 

48&1 

85 

36 

438.5 

38 

13 

43a  3 

87 

8 

437.9 

84 

27 

438.8 

87 

14 

43a  6 

89 

10 

487.8 

33 

28 

488.2 

36 

15 

43a7 

89 

U 

437.7 

33 

29 

438.2 

36 

16 

43a  6 

89 

11 

487.6 

32 

30 

48a  1 

85 

17 

43a  6 

89 

18 

437.3 

30 

31 

437.9 

34 

18 

4:ia8 

40 

14 

.      437.3 

30 

Nov.    1 

437.9 

34 

19 

43a9 

41 

15 

437.3 

80 

2 

437.9 

34 

20 

439.1 

4ft 

If 

437.3 

80 

3 

437.8 

33 

21 

439.3 

U 

17 

487.2 

29 

4 

437.8 

83 

22 

439.4 

45 

18 

437.1 

28 

5 

487.7 

83 

23 

439.5 

46 

18 

486.9 

27 

6 

487.7 

33 

24 

439.5 

46 

30 

436.8 

26 

7 

437.7 

33 

25 

430.3 

44 

U 

436.8 

26 

8 

437.7 

33 

26 

430.8 

44 

38 

436i8 

26 

9 

437.7 

33 

27 

43a  2 

U 

23 

436.6 

25 

10 

437.7 

33 

28 

489.0 

4-i 

14 

486.5 

25 

11 

437.7 

33 

29 

43a  9 

41 

IS 

436.4 

24 

12 

437.8 

83 

80 

43a  8 

40 

36 

436.4 

24 

13 

437.9 

34 

31 

43a6 

89 

37 

436.8 

24 

14 

437.9 

84 

\Xl%  ikowing  daily  di$charge  of  the  MiaHasippi  River  at  Hannibal,  Mo,,  January  I,  1882, 

to  January  1,  1883. 

DsBpated  ftom  the  gange  readings  by  a  formula  deduced  from  discharge  observstions  at  the  same 

point  in  1881.] 


DMtL 

Gaoge. 

Discharge 

In  1,000 
eabic  feet 

Date. 

Gaoge. 

Discharge 

in  1,000 
eabic  feet 

Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 

per  second. 

per  second. 

per  second. 

im 

1882. 

1883. 

)ml^     1 

'7a  5 

95 

Jan.   13 

7a  5 

66 

Jan.   25 

7a  1 

53 

77.8 

85 

14 

7a2 

53 

26 

74.4 

45 

77.8 

78 

15 

7a  0 

51 

27 

74.6 

47 

77.2 

77 

16 

74.7 

48 

28 

7a  1 

5t 

77.0 

74 

17 

74.3 

44 

29 

74.4 

45 

75.8 

69 

18 

74.3 

44 

80 

7a  1 

SS 

7&2 

68 

19 

7a5 

86 

81 

7a  6 

57 

7&2 

58 

20 

7a  5 

86 

7eb.    1 

7a4 

65 

76i0 

51 

21 

74.1 

42 

2 

7a  2 

68 

10 

74.8 

49 

22 

74.8 

44 

8 

7a  8 

54 

u 

74.8 

49 

23 

74.  T 

48 

4 
6 

7a  7 

55 

IS 

1          78c2 

63 

24 

74.8 

49 

7a  8 

55 
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Tabls  ikowing  daily  diaoharge  of  the  Miuimppi  Bioer  at  Sanmbal,  Mo,,  4^—CoutiaMiL 


Date. 

Gaoge. 

Biacbarge 

in  1,000 
cnbic  feet 

Date. 

Gauge. 

Diiobarge 

inl.OM 
cubic  feet 

Date. 

Oaoga 

DiMhMfll 

iBLMI 
coMefcit 

per  second. 

1 

1     1882. 

pereecoDd. 

1882. 

1881. 

J'eb.     6 

76.9 

60 

Apr.  24 

86.6 

247 

July  10 

84.6 

M 

7 

76.1 

68 

.            26 
26 

87.2 

263 

11 

M.9 

m 

8 

76.3 

66 

87.9 

280 

12 

84.C 

m 

9 

76.2 

64 

27 

8a2 

287 

13 

83.7 

m 

10 

76.9 

60 

28 

88.2 

287 

14 

83.4 

m 

U 

76.8 

69 

29 

87.8 

278 

16 

88.1 

m 

12 

75.8 

60 

80 

87.6 

271 

16 

88.9 

m 

13 

76.0 

62 

May    1 

87.1 

261 

17 

82.6 

m 

14 

76.0 

62 

2 

86.7 

2^1 

18 

82.3 

m 

16 

76.8 

60 

3 

86L2 

240 

19 

82.0 

la 

16 

76.9 

60  1             4 

86.0 

236 

20 

8L6 

Hi 

17 

76.1 

63 

6 

88.7 

229 

21 

81.3 

in 

18 

76.2 

64 

6 

86.7 

229 

22 

80.7 

111 

19 

76.8 

66  ]              7 

80.4 

244 

23 

80.4 

m 

20 

76.4 

66 

8 

87.2 

263 

24 

80.1 

m 

21 

77.0 

74 

9 

87.6 

273 

26 

79l9 

117 

22 

76.7 

70 

10 

87.6 

273 

26 

79.6 

111 

28 

76.1 

63 

11 

87.6 

273 

27 

79.4 

m 

24 

76.8 

50 

12 

87.3 

265 

28 

79.3 

IM 

26 

76.6 

97 

18 

87.0 

268 

29 

79.1 

1« 

.26 

76.6 

66 

14 

87.0 

258 

30 

79L0 

1« 

27 

76.3 

64 

15 
16 

86.8 

258 

31 

79l1 

1« 

28 

76.8 

64 

86.6 

247 

Aug.    1 

79.3 

IM 

Mat.    1 

76.7 

68 

17 

86.0 

236 

2 

79l3 

IM 

2 

76.2 

64 

18 

86.6 

225 

3 

79.0 

1« 

8 

76.7 

70 

19 

84.9 

211 

4 

7&8 

U 

4 

77.2 

77 

20 

84.3 

198 

6 

7a9 

111 

6 

77.7 

84               21 

88.7 

186 

6 

79.3 

IM 

6 

78.1 

89               22 

88.1 

174 

7 

78.9 

1« 

7 

78.4 

94               23 

82.6 

168 

8 

79L0 

1« 

8 

78.7 

98               24 

82.1 

164 

9 

7&6 

M 

9 

78.9 

101               26 

82.2 

166 

10 

7a6 

• 

10 

79.9 

117 

26 

82.8 

168 

11 

7&S 

n 

11 

79.9 

117 

27 

83.2 

176 

12 

77.9 

m 

12 

79.8 

116 

28 

84.7 

207 

18 

77.6 

a 

18 

79.7 

lis 

29 

85.7 

229 

14 

77.8 

71 

14 

79.6 

110 

30 

86.8 

242 

16 

77.3 

77 

16 

79.8 

106 

31 

86.6 

247 

16 

77.3 

n 

16 

70.1 

103 

Jane    1 

86.4 

244 

17 

76.9 

71 

17 

79.3 

106 

2 

86.6 

247 

18 

76.7 

71 

18 

79.4 

108 

3 

86.6 

249 

19 

76.6 

• 

19 

80.0 

119 

4 

M.9 

266 

20 

76.6 

a 

20 

80.3 

124 

6 

87.2 

268 

21 

76.4 

m 

21 

80.4 

126 

6 

87.2 

263 

22 

78.4 

m 

22 

80.3 

124 

7 

86.7 

261 

28 

78.3 

m 

28 

80.4 

125 

8 

86.8 

231 

24 

78.3 

64 

24 

80.4 

126 

9 

86.0 

214 

25 

78.1 

O 

26 

80.4 

125 

10 

84.2 

196 

26 

76.0 

a 

26 

80.4 

125 

11 

84.0 

192 

27 

76.8 

9 

27 

80.2 

122 

12 

64.7 

207 

28 

7&8 

9 

28 

80.2 

122 

13 

85.3 

220 

29 

7&6 

St 

29 

80.1 

120 

14 

86.9 

288 

30 

7&6 

9 

80 

80.3 

124 

16 

86.8 

281 

31 

76.6 

9 

31 

80.7 

180 

16 

86.6 

227 

Sept    1 

75.6 

9 

Apr.    I 

8L0 

134 

17 

85.2 

218 

2 

7&5 

9 

2 

8L1 

186 

18 

84.6 

203 

3 

75.5 

9 

8 

8L2 

138 

19 

83.7 

186 

4 

75w6 

9 

4 

81.3 

189 

20 

83.2 

176 

6 

76u7 

9 

6 

81.3 

189 

21 

82.7 

166 

6 

75.8 

9 

6 

81.3 

139 

28 

82.9 

170 

7 

76.1 

0 

7 

81.8 

189 

28 

82.4 

160 

8 

78.8 

• 

8 

8L6 

144 

24 

82.4 

160 

9 

78.5 

9 

9 

83.0 

162 

26 

82.7 

166 

10 

78.4 

9 

10 

82.6 

164 

26 

83.0 

172 

11 

78.8 

9 

11 

82.9 

170 

27 

64.2 

196 

12 

78.3 

9 

12 

88.0 

172 

28 

86.2 

216 

13 

78.3 

9 

13 

83.2 

176 

29 

86.6 

247 

14 

76.0 

■   9 

14 

88.3 

178 

30 

87.6 

273 

16 

75.9 

9 

16 

8;t.4 

180 

July     1 

8&1 

285 

16 

75.7 

9 

16 

88.4 

180 

2 

88.4 

292 

17 

75.8 

9 

17 

83.6 

182 

3 

8&2 

287 

18 

76.5 

9 

18 

83.6 

182 

4 

87.9 

280 

19 

75.5 

9 

19 

88.6 

184 

5 

87.4 

268 

20 

75.8 

9 

20 

88.9 

190 

6 

86.9 

.   255 

21 

75.3 

9 

21 

84  8 

108 

7 

86.2 

240 

28 

75.0 

A 

22 

84.8 

209 

8 

85.2 

218 

23 

74.8 

41 

28 

86.6 

287 

9 

84.9 

211 

24 

74.7 

a 

i 
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« 

wimg  dtnly  discharge  of  ike  Mieeiseippi  Biver  at  Hannibal f  Mo,f  ^o. — Continaed. 


Gauge. 

Discharge 

in  1,000 
onbio  feet 

t 

i    Date. 

Gaoge. 

Discharge 

in  1.000 
onbio  feet 

Date. 

Gauge.  ^ 

Discharge 

in  1,000 
onbic  feet 

per  second. 

per  second. 

perseoond. 

1881 

1882. 

74.0 

47 

Oct.    28 

77.2 

77 

KoT.  80 

77.0 

74 

74.5 

40 

29 

77.2 

77 

Dec.     1 

70.7 

70 

74.4 

45 

30 

77.2 

77 

2 

70.5 

08 

74.8 

44 

81 

77.2 

77 

3 

70.8 

06 

74.8 

44 

Not.    1 

77.2 

77 

4 

70.2 

04 

74.2 

48 

2 

77.1 

75 

5 

75.9 

00 

74.2 

48 

8 

77;  1 

75 

0 

75.8 

69 

74.2 

43 

4 

70.0 

72 

7 

75.1 

52 

74.2 

43 

5 

70.7 

70 

8 

74.0 

47 

74.2 

43 

0 

70.5 

08 

9 

74.0 

41 

74.1 

42 

7 

70.3 

05 

10 

73.0 

37 

74.1 

42 

8 

70.2 

04 

11 

72.0 

27 

74.1 

42 

9 

70.0 

02 

12 

7L0 

17 

74.1 

42 

10 

70.0 

02 

13 

71.7 

18 

74.1 

42 

11 

70.0 

02 

14 

72.2 

28 

74.2 

43 

12 

70.0 

02 

16 

72.1 

22 

74.2 

43 

13 

75.9 

00 

10 

78.0 

31 

74.4 

45 

14 

75.8 

59 

17 

71.9 

20 

74.7 

48 

15 

75.7 

58 

18 

72.0 

21 

74.7 

48 

10 

75.0 

57 

19 

71.7 

18 

74.7 

48 

17 

70.2 

04 

20 

72.4 

25 

75.1 

52 

18 

70.4 

00 

21 

78.2 

88 

75.0 

67 

19 

70.5 

08 

22 

74.0 

41 

70.0 

02 

20 

70.0 

09 

23 

74.8 

49 

70.2 

04 

21 

70.7 

70 

24 

75.1 

52 

70.2 

04 

22 

70.7 

70 

25 

75.2 

58 

70.2 

04 

23 

70.8 

71 

20 

75.5 

50 

70.8 

05 

24 

70.9 

72 

87 

75.0 

67 

70.0 

09 

25 

77.1 

75 

28 

75.9 

00 

70.7 

70 

20 

77.1 

75 

29 

70.0 

02 

70.0 

72 

27 

77.2 

77 

30 

70.0 

02 

77.0 

74 

28 

77.2 

77 

31 

75.8 

SO 

77.2 

77 

29 

77.2 

77 

Hng  daily  dieeharge  of  the  MiseUsippi  Biver  at  Orafton,  III,,  Jannary  1,  1882, 

to  January  1, 1883. 

from  the  gangs  readings  by  a'  fonnnia  deduced  from  discharge  obserrations  at  the  same 

point  in  1881.1 


Gauge. 

Discharge 

in  1,000 
onbio  feet 

Date. 

j 

Gauge. 

Discharge 

in  1,000 
cubic  feet 

1 
Date. 

Gauge. 

Discharge 

in  1.000 
oubio  feet 

perseoond. 

1 
1 

1 

perseoond. 

perseoond. 

I 

1882. 

1882. 

23.7 

168 

Jan.   27 

18.8 

75 

Feb.  22 

29.7 

270 

28.0 

142 

28 

18.3 

75 

23 

29.2 

250 

23.0 

185 

29 

lai 

73 

24 

20.2 

197 

S2.8 

181 

80 

17.9 

70 

25 

24.7 

170 

22.0 

120 

81 

18.2 

74 

20 

22.9 

141 

2L7 

121 

Feb.     1 

18  3 

75 

27 

2L8 

122 

21.8 

115 

2 

18.5 

77 

28 

21.8 

115 

21.0 

110 

8 

ia3 

75 

Mar.    1 

21.7 

121 

2L1 

112 

4 

18.2 

74 

2 

22.1 

127 

2L0 

110 

5 

18.7 

79 

3 

2L9 

124 

20.9 

109 

0 

18.7 

79 

4 

22.0 

120 

20.7 

100 

7 

18.7 

79 

5 

22.2 

129 

20.0 

105 

8 

18.7 

79 

0 

22.6 

134 

20.0 

105 

9 

ia8 

80 

7 

22.7 

137 

20.0 

106 

10 

]a9 

81 

8 

28.0 

142 

20.0 

90 

11 

ia7 

70 

9 

23.3 

147 

19.0 

90 

12 

ia5 

77 

10 

24.2 

101 

10.2 

85 

18 

lao 

78 

11 

25.1 

177 

18.0 

81 

14 

lao 

78 

12 

26.0 

160 

18.7 

79  ! 

15 

lao 

78 

18 

25.4 

183 

las 

75! 

10 

ia5 

77 

14 

25.0 

170 

18.0 

72  ! 

17 

lao 

81 

15 

24.7 

170 

17.9 

70 

18 

19.1 

84 

10 

24.4 

106 

18.0 

72 

19 

19.8 

80 

17 

24.8 

108 

las 

75 

20 

24.5 

107 

'  18 

24.2 

161 

18.3 

75 

21 

28.7 

247 

19 

24.2 

101 

268 
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TabU  Bkawing  daily  diidMrge  of  ike  Mi$8i89ij^  Rher  at  ChrafUm^  III.,  ^.— Conttim 


Discharge 

Discharge 

Disci 

Dttte. 

Oaoiek 

in  1,000 

eabio  feet 

per  second. 

Date. 
1882. 

OMge. 

in  1,000 
cubic  feet 
per  second. 

Date. 

Gang*. 

Inl. 
cable 
perse 

1882. 

1882L 

Mwr.  20 

24.4 

166 

Jane    6 

82.0 

824 

Aog.  21 

18.8 

21 

216 

168 

6 

82.0 

324 

22 

lao 

22 

25.1 

177 

7 

82.1 

826 

23 

18.6 

28 

25.2 

170 

8 

82.1 

826 

24 

1&4 

U 

25.2 

179 

0 

8L8 

821 

25 

ia4 

25 

25l2 

170 

10 

81.5 

312 

26 

1&4 

26 

25.1 

177 

11 

8L2 

806 

27 

1&3 

27 

25.1 

177 

12 

80.6 

290 

28 

l&l 

2& 

25.0 

176 

13 

8a4 

285 

29 

17.8 

20 

25.0 

176 

14 

80.4 

285 

80 

17.7 

80 

25.1 

177 

16 

80.6 

200 

81 

17.6 

81 

25.1 

177 

16 

80.8 

205 

Sept«    1 

17.7 

Apr.    1 

25.1 

177 

17 

8L8 

307 

2 

17.0 

2 

25.2 

170 

18 

8L7 

817 

8 

17.7 

8 

25.8 

181 

19 

8L6 

314 

4 

17.7 

4 

25.5 

186 

20 

8L2 

805 

5 

17.7 

6 

25i6 

186 

21 

80.0 

297 

6 

17.9 

6 

25.5 

185 

22 

3a7 

202 

7 

17.9 

7 

25u5 

186 

28 

80.3 

283 

8 

18.1 

8 

25.3 

181 

24 

80.1 

270 

8 

18.8 

0 

25.6 

186 

26 

20.7 

270 

10 

18.4 

10 

25.5 

185 

26 

29.4 

263 

11 

ia4 

11 

25.8 

100 

27 

29.7 

270 

12 

1&4 

12 

26.1 

105 

28 

80.1 

270 

18 

ia2 

18 

26.4 

201 

29 

80.7 

202 

14 

lai 

14 

26.8 

200 

80 

8L5 

312 

16 

lao 

16 

27.1 

215 

July    1 

82.6 

886 

16 

17.8 

16 

27.4 

221 

2 

38.1 

850 

17 

17.8 

17 

27.5 

223 

3 

84.0 

874 

18 

17.5 

18 

27.0 

281 

4 

84.5 

887 

18 

17.3 

10 

27.8 

220 

6 

84.7 

802 

20 

17.2 

20 

27.2 

217 

6 

84.7 

892 

21 

17.1 

21 

27.1 

216 

7 

84.5 

387 

22 

lao 

22 

27.3 

210 

8 

84.2 

870 

28 

ia7 

28 

2&8 

230 

9 

88.7 

866 

24 

ia6 

24 

20.1 

257 

10 

88.0 

348 

26 

ia5 

25 

20.6 

268 

11 

82.8 

881 

26 

ia4 

26 

80.2 

281 

12 

81.7 

817 

27 

las 

27 

80.6 

200 

18 

80.0 

207 

28 

lai 

28 

sas 

205 

14 

80.2 

281 

20 

lai 

20 

8L1 

808 

15 

29.6 

266 

80 

lao 

80 

31.2 

806 

16 

28.9 

252 

Oct.      1 

22.4 

May     1 

31.2 

306 

17 

2as 

280 

2 

2ao 

2 

31.1 

802 

18 

27.9 

231 

3 

24.0 

8 

30.0 

207 

19 

27.4 

221 

4 

26.5 

4 

80.6 

200 

20 

27.0 

213 

6 

26.6 

5 

30.2 

281 

21 

26.5 

203 

6 

26.0 

6 

29.6 

268 

22 

26.2 

179 

7 

26.0 

7 

28.6 

243 

93 

24.8 

172 

8 

26.9 

8 

28.5 

243 

24 

24.6 

168 

0 

27.4 

8 

30.3 

283 

25 

24.4 

166 

10 

27.6 

10 

30.4 

285 

26 

24.0 

158 

11 

27.2 

11 

31.1 

302 

27 

23.6 

150 

12 

27.0 

12 

3L3 

807 

28 

28.1 

143 

13 

26.0 

18 

31.3 

807 

29 

22.8 

130 

14 

27.0 

14 

81.3 

807 

80 

22.6 

136 

16 

27.1 

15 

81.2 

806 

81 

22.8 

181 

16 

27.3 

16 

81.1 

802 

Ang.    1 

22.1 

127 

17 

27.8 

17 

31.0 

800 

2 

22.0 

126 

18 

2as 

18 

80.6 

200 

8 

22.0 

126 

19 

2a8 

10 

80.7 

292 

4 

21.0 

124 

20 

29.4 

20 

80.4 

286 

5 

2L7 

121- 

21 

29.9 

21 

80.0 

277 

6 

21.7 

121 

22 

80.4 

22 

28.6 

843 

7 

21.0 

124 

23 

80.8 

28 

28.0 

252 

8 

21.0 

124 

24 

81.0 

24 

28.1 

235 

9 

2L8 

122 

25 

8L1 

25 

27.0 

281 

10 

2L6 

118 

26 

81.4 

26 

27.0 

213 

11 

21.2 

118 

27 

81.6 

27 

27.1 

216 

12 

20.8 

108 

28 

8L7 

28 

28.2 

287 

18 

20.4 

102 

20 

8L9 

20 

20.8 

261 

14 

20.1 

97 

80 

82.0 

80 

20.0 

274 

16 

19.9 

04 

81 

82.1 

81 

80.6 

290 

16 

19.8 

08 

KOT.     1 

82.2 

JaM  1 

81.8 

807 

17 

19.7 

92 

2 

82.5 

2 

•    81.6 

812 

18 

19.5 

89 

8 

82.7 

8 

81.8 

810 

10 

19.2 

85 

4 

82.8 

4 

82.0 

824 

20 

19.0 

88 

5 

33.0 
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Table  •kowing  daily  discharge  of  ike  Miesissippi  Biver  at  Grafton^  III.,  4^,  — Gontinaed. 


Discharge 

Discharge 

Discharge 

Date. 

Gaage. 

in  1,000 
cnbio  feet 

Date. 

Gaage. 

in  1,000 
cnbio  feet 

Date. 

Gauge. 

in  l,0OU 
onbio  feat 

peraecond. 

, — 

peraecond. 



peraecond. 

1682. 

1882. 

1882. 

Hot.  6 

33.1 

350 

Nov.  25 

3L4 

809 

Deo.   14 

25.2 

179 

7 

88.1 

350 

26 

30.8 

295 

15 

85.2 

179 

8 

33.1 

350 

27 

30.2 

281 

16 

2A.7 

170 

9 

33.0 

348 

28 

29.7 

270 

17 

84.6 

168 

10 

32.9 

845 

29 

29.1 

257 

18 

94.8 

161 

11 

82.6 

838 

30 

28.7 

247 

10 

23.9 

157 

12 

83.7 

341 

Deo.     1 

28.7 

247 

20 

28.6 

151 

18 

82.7 

841 

2 

27.7 

227 

21 

28.4 

149 

14 

82.7 

341 

3 

27.2 

217 

22 

28.7 

153 

15 

82.7 

841 

4 

26.7 

211 

23 

94.1 

159 

16 

82.7 

341 

5 

26.2 

197 

24 

94.4 

165 

17 

32.6 

338 

6 

25.8 

190 

25 

24.4 

165 

18 

83.0 

848 

7 

25.4 

183 

26 

24.2 

161 

19 

38.7 

366 

8 

25.0 

176  i 

27 

24  1 

159 

20 

84.1 

377 

9 

24.8 

172  [ 

28 

94.1 

159 

21 

84.0 

874 

10 

24.6 

168 

29 

94.0 

168 

22 

83.4 

358 

11 

24.2 

161 

30 

94.0 

158 

28 

82.8 

343 

12 

84.1 

159 

31 

24.0 

158 

24 

82.1 

826 

13 

24.1 

159 

Fable  Bhowing  daily  dieoharge  of  MierisHppi  Biver  at  Fulton,  Tenn,,  January  1/ 1881,  to 

January  I,  1883. 

Compnted  from  the  gauge  readinea  by  a  formula  deduced  from  diacharge  obaerratioBS  at  the  same 

point  extending  from  NoTember,  1879,  to  November,  1880.] 

NoTB.— I  in  the  column  of  remarka  meana  that  gauge-readings  were  interpolated. 


Date. 

Gauge. 

Diacharge 

inl,OOU 
cubic  feet 
peraecond. 

Beonarka. 

Date. 

Gauge. 

Diacharge 

in  1,000 
cubic  feet 
peraecond. 

Bemarka. 

188L 

1881. 

. 

ran.     9 

157.86 

109 

Feb.  17 

182.58 

876 

10 

157.86 

109 

18 

183.08 

895 

11 

158.10 

114 

I. 

19 

183.37 

910 

12 

158.34 

119 

I. 

20 

183.76 

928 

18 

158.08 

126 

21 

184.15 

947 

14 

150.54 

142 

22 

184.58 

963 

15 

160.89 

170 

28 

184.89 

962 

16 

163.13 

218 

24 

185.18 

996 

17 

164.50 

252 

25 

185.45 

1,010 

18 

165.30 

278 

L 

26 

185.61 

1,018 

19 

16&10 

296 

L 

27 

185.88 

1,027 

90 

166.90 

818 

I. 

28 

185.94 

1,032 

81 

167.71 

837 

Mar.    1 

185.92 

1,031 

22 

169.00 

877 

2 

185.88 

1,027 

28 

171. 10 

442 

8 

185.61 

1,016 

L 

94 

173.14 

506 

4 

185.39 

i,007 

25 

174.89 

568 

5 

184.90 

982 

96 

176.15 

616 

6 

184.07 

944 

97 

177.05 

648 

7 

182.89 

889 

28 

177.66 

672 

8 

181.48 

827 

29 

178.02 

687 

9 

180.01 

767 

90 

178.14 

691 

10 

178.75 

716 

81 

177.84 

680 

11 

178.16 

692 

reb.     1 

177.03 

648 

12 

177.27 

657 

2 

176  01 

610 

13 

176.69 

637 

8 

174.37 

549 

14 

176.29 

621 

4 

172.02 

488 

15 

176. 10 

614 

5 

170.99 

439 

16 

176.08 

613 

6 

169.58 

805 

17 

177.22 

655 

7 

16&44 

359 

18 

178.09 

690 

8 

167.64 

335 

19 

178.68 

713 

9 

167.36 

837 

20 

179.28 

738 

10 

167. 57 

832 

21 

180.20 

775 

11 

177.85 

404 

L 

22 

181.26 

818 

12 

174.  03 

538 

L 

23 

182. 27 

862 

13 

177.00 

647 

L 

24 

182.65 

879 

14 

179. 40 

743 

25 

183.09 

899 

15 

181. 30 

820 

26 

183.38 

911 

16 

181.95 

847 

27 

183.56 

919 
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Jkible  showing  daily  discharge  of  the  Minin^niti  Biver  at  Fvlton,  Tenn,,  ^c— Continii 


Date. 

Gauge. 

U81. 

Mar.  28 

188.71 

29 

188.84 

80 

184.83 

31 

188.75 

Apr.     1 

188.45 

S 

188.20 

8 

1K2.06 

4 

182.87 

5 

182.76 

6 

182.58 

7 

182.30 

8 

181.90 

9 

181.65 

^    10 

181.67 

11 

181.92 

12 

182.41 

13 

182.95 

14 

183.49 

15 

184.10 

16 

184.68 

17 

185.18 

18 

185.68 

19 

186.11 

20 

186.46 

21 

186.78 

22 

187.12 

28 

187.88 

24 

187. 7» 

25 

187.90 

20 

188.09 

27 

188L07 

28 

187.08 

29 

187.96 

80 

187.85 

11*7    1 

1P7.67 

2 

187.85 

8 

187.18 

4 

187.05 

5 

186.90 

6 

186.94 

7 

186.93 

8 

186.95 

9 

186.97 

10 

187.05 

11 

187.07 

12 

187.00 

13 

186w87 

14 

186.58 

15 

185.90 

10 

185.07 

17 

184.08 

18 

183.05 

19 

181.68 

20 

180.73 

21 

179.59 

22 

17a  60 

28 

177.92 

24 

177.13 

25 

176.85 

28 

175.78 

27 

176.31 

28 

175.07 

29 

174.86 

80 

174.55 

81 

174.02 

June    1 

173.86 

2 

172.69 

8 

171.96 

4 

171.87 

6 

170.97 

6 

17a  58 

7 

170.60 

8 

170.64 

9 

17a78 

10 

170.72 

11 

170.48 

12 

17a  26 

18 

170.18 

Ditcharge 

inl.OOCT 

oabio  feet 

perteeond. 


926 
032 
979 
928 
914 
903 
891 
887 


874 

868 

850 

835 

835 

846 

868 

891 

917 

945 

971 

996 

1,020 

1,040 

1,058 

1,074 

1,090 

1,099 

1,121 

1,181 

1,186 

1,185 

1,180 

1,129 

1,128 

1,114 

1,100 

1,008 

1,087 

1,085 

1,082 

1,082 

1,082 

1,088 

1.087 

1,086 

1,085 

1,078 

1.067 

1.030 

990 

944 

896 

836 

796 

750 

714 


651 


600 
588 

575 
566 

554 
537 
511 
491 
468 
450 
438 
422 
420 
424 
480 
428 
419 
412 
410 


Remarka. 


High  watar. 


Diecbarge 

Date. 

Gauge. 

in  1,000 
cubic  feet 

Remarka. 

per  second. 

1881. 

Jane  14 

170.26 

412 

15 

170. 88 

434 

16 

171.58 

456 

17 

172.38 

478 

18 

172.96 

490 

19 

178.96 

588 

20 

174.96 

570 

21 

176.27 

620 

22 

176.86 

642 

L 

23 

177.45 

664 

24 

177.54 

668 

25 

177. 85 

660 

26 

176.59 

638 

27 

176  84 

622 

28 

175.77 

601 

29 

175.19 

580 

30 

174.64 

558 

July     1 

174. 18 

542 

'     2 

173.71 

524 

8 

173.29 

510 

4 

173.08 

503 

5. 

173.25 

508 

6 

178.43 

514 

7 

178.61 

620 

I. 

8 

178.68 

523 

L 

9 

178.57 

519 

10 

178.15 

505 

11 

172.52 

485 

12 

17L67 

468 

13 

170. 71 

427 

14 

169.78 

400 

15 

168.98 

874 

16 

•      168.28 

858 

17 

167.96 

845 

18 

168.02 

846 

19 

16a  81 

865 

20 

16a  60 

864 

21 

16a  84 

871 

22 

169.00 

377 

23 

169.28 

884 

24 

169.41 

886 

25 

169.49 

898 

« 

26 

109.62 

398 

27 

169.44 

887 

28 

169.20 

388 

29 

16a  07 

876 

30 

16a  49 

861 

81 

167.74 

838 

Aug.    1 

167.04 

321 

J 

*     2 

16a37 

808 

3 

165.88 

280 

4 

165.50 

279 

5 

165.29 

273 

6 

165.08 

267 

7 

164.89 

263 

8 

164.71 

267 

9 

164.49 

252 

10 

164.20 

244 

11 

163.84 

286 

12 

163.42 

224 

• 

13 

16a  06 

217 

14 

162.63 

207 

15 

162.27 

199 

• 

16 

161.90 

191 

• 

17 

161.78 

188 

• 

18 

16L53 

188 

10 

161. 41 

181 

20 

161. 10 

175 

( 

21 

162.63 

206 

■ 

22 

161.96 

192 

23 

161.81 

189 

24 

161.66 

186 

25 

161.58 

188 

26 

16L41 

181 

37 

161. 81 

179 

28 

160.02 

151 

29 

15a  82 

128 

1 

30 

169.68 

145 

• 

REPORT   OF   THE   MISSISSIPPI   RIYER   COMMISSION. 


271 


l<i^iko«nfi^  iailp  dUeharge  of  the  Mi$$i$9ippi  River  at  Fulton^  Terni.,  fc — Continued. 


Bo*. 

Gtage. 

Discharge 

in  1,000* 

cubic  feet 

per  second. 

Remarks. 

Date. 

Gange. 

Discharge 

in  1.000 

cubic  feet 

per  second. 

Remarks. 

188L 

15a  SO 

isasc 
isau 

169.03 
15a  99 
156.88 
15168 
15166 
156.68 
15156 
158.45 

143 
189 
184 
183 
180 
129 
126 
126 
135 
134 
131 

L 

Fran  Septein* 
berlOtoDe- 

'  comber  6  no 
nage  reed- 
uigs  taken. 

1881. 

Nov.  15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

Dec.     1 

2 

8 

4 

5 

6 

^7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

35 

26 

27 

28 

29 

30 

31 

1882. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1             25 

i             26 

27 

28 

< 

From  SeptefD- 
ber  10  to  De> 

eember  6  ha 

gange  read- 
ings taken. 

"••••"•••••• 

IS 

19 

10 

SI 

2a  42 
22.27 
20.86 

laeo 
laoo 

17.65 
1188 
1127 
1180 
1135 
1113 
1106 
1138 
1124 
17.64 
1121 
2193 
22.56 
2177 
2168 
2188 
27.11 
2113 
2187 
2a  51 
29.88 

3a  02 
8a  12 
8a  14 

3a  17 

80.11 
3a  07 
29.53 
2a  75 
2a  60 
2a  28 
2a25 
2a  24 
2a  50 
2a  88 
8a38 

saoi 

3L41 
3L85 
83.23 
3159 
3112 
3154 
38.92 
34.36 
34.72 
3102 
3182 
3150 

667 
624 
570 
528 
491 
461 
488 
416 
403 
890 
384 
881 
391 
415 
461 
510 
573 
685 
680 
717 
764 
816 
860 
808 
921 
939 

946 

950 

951 

952 

950 

948 

922 

982 

921 

912 

910 

910 

981 

939 

959 

987 

1,01] 

1.082 

1,052 

1,069 

1,095 

1.113 

1,132 

1,153 

1,J72 

1,189 

1.207 

1,217 

y 

8 

n 

24 

S6 

M 

tl 

" 

» 

» 

!• 

Oct.    1 

- 

■  •  •  «  • 



t 

U 

' 

20 

n 

22 

S 

24 

» 

» 

27 

» 

8 

» 

U 

irer.    1 

• •••••• 

•••••• " •••• 

M 

11 
13 
18 
14 

/ 

y 

*  Low  water  1872  (154.12)  =  lero  of  gange  esUblished  December,  1881. 
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Table  Bhotoing  daily  dUoharge  of  MiB9i$Hppi  River  at  Fulton,  Tmii.,  fc, — Continoed. 


Dincharge 

Date. 

Qange. 

in  1,000 
onbio  feet 

• 

per  second. 

1882. 

Jan.   29 

85.63 

1,224 

80 

86.67 

1.226 

81 

85.78 

1.234 

Peb.     1 

35.74 

1,231 

2 

35.71 

1.229 

8 

35.74 

1.231 

4 

85.74 

1,231 

5 

86.65 

1.226 

0 

85.65 

1.226 

7 

85.64 

1,226 

8 

85.66 

1,226 

9 

85.60 

1,228 

10 

85.67 

1,226 

11 

85.59 

1.223 

12 

85.50 

1.217 

18 

85.61 

1.217 

14 

86.37 

1.811. 

15 

35.23 

1.201 

16 

35.18 

1,109 

17 

85.11 

1.194 

18 

85.05 

1,191 

19 

85.03 

1.190 

20 

85.12 

1.194 

21 

85.17 

1.190 

22 

85.23 

1.201 

28 

85.82 

1.207 

24 

85.60 

1.222 

25 

86.89 

1,239 

20 

86.10 

1.236 

27 

86.43 

1.268 

28 

36.63 

1.278 

Ifar.    1 

36.69 

1.282 

2 

36.66 

1,279 

8 

36.60 

1.277 

4 

36.51 

1,272 

6 

36.44 

1.209 

6 

86.44 

1.269 

7 

86.88 

l.'J66 

8 

36.28 

1.260 

9 

86.26 

1.259 

10 

86.18 

1.255 

11 

3A.11 

1.250 

12 

36.04 

1,247 

18 

86.04 

1.247 

14 

86.13 

1.251 

15 

86.18 

1.251 

16 

36.00 

1.246 

17 

85.86 

1.237 

18 

35.76 

1.232 

19 

3&68 

1.226 

20 

85.62 

1,224 

21 

35.52 

1.218 

22 

35.44 

1,214 

23 

35.17 

1.197 

24 

34.97 

1.187 

26 

84.78 

1.172 

26 

84.49 

1.160 

27 

34.25 

1.148 

28 

33.96 

1,183 

29 

33.68 

1.120 

80 

83.42 

1.108 

81 

33.25 

1.100 

Apr.    1 

33.11 

1.094 

2 

32.96 

1,087 

8 

32.84 

1,082 

4 

32.70 

1,075 

6 

32.58 

1,069 

6 

32.30 

1,0>5 

7 

81.79 

1.030 

8 

81.10 

997 

0 

30.10 

950 

10 

20.33 

91^ 

11 

20.05 

901 

12 

28.79 

880 

13 

28.62 

8M2 

14 

28.41 

872 

15 

28.05 

856 

16 

27.87 

848 

Bemarka. 


May 


Date. 


1882. 
Apr.  17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
30 
1 
2 
8 
4 
5 
6 
7 
8 
0 
10 

11 

12 
13 
14 
16 
16 
17 
18 
19 
90 
21 
22 
23 
24 
26 


Jane 


July 


27 

28 

29 

80 

81 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

1 

2 

8 


Discharge 

Gauge* 

in  1,000 
catiicfeet 

Beimacka. 

persecond. 

27.81 

845 

27.88 

848 

27.92 

8(1 

27.61 

887 

27.06 

815 

26.24 

71fl 

25.61 

766 

24.70 

71B 

24.05 

609 

23.03 

6B7 

28.88 

088 

28.96 

688 

24.21 

698 

24.46 

708 

24.78 

719 

24.87 

724 

24.96 

729 

25.11 

785 

25.22 

740 

25.25 

741 

.  25.05 

733 

24.86 

724 

24.63 

715 

25.35 

745 

27.02 

818 

28.68 

880 

29.88 

039 

30.85 

964 

31.63 

952 

82.16 

1.047 

82.52 

1.006 

82.67 

1.073 

82.70 

1.075 

82.60 

1.075 

82.86 

1.088 

82.83 

1.061 

82.79 

1.080 

32.81 

1.080 

82.80 

1.080 

88.68 

1.074 

82.51 

1.066 

82.14 

1.047 

81.59 

1,021 

81.04 

994 

80.66 

975 

80.66 

075 

80.81 

982 

8L00 

092 

81.27 

1.006 

8L55 

1,018 

81.71 

1.026 

8L85 

1.032 

81.97 

1.039 

82.04 

1,042 

82.07 

1,044 

82.07 

1,044 

81.06 

1,039 

31.69 

1,026 

81.25 

1,005 

80.50 

967 

20.49 

921 

• 

28w45 

874 

27.45 

830 

27.90 

830 

27.21 

820 

27.86 

847 

28.59 

881 

29.01 

899 

29.35 

914 

29.61 

926 

29.79 

935 

29.  HI 

935 

29.69 

930 

29.39 

917 

29.09 

90.1 

28.56 

879 

28.37 

870 

28.26 

865 
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Table  showing  daily  disoharge  of  MiaHaHppi  Biver  at  Fulton^  Tenn.j  fo. — Con  tinned. 


' 

Discharge 

in  1,000 
oobic  feet 

Discharge 

Dttte. 

Gauge. 

Bemarks. 

Date. 

Gauge. 

in  1,000          h^^.^vm 
cubic  feet        «•!»«•". 

per  second. 

per  second.: 

1882. 

• 

1      1882. 

1 

J«lj     4 

28.29 

868 

Sept.  20 

12.47 

309 

5 

I            28182 

882 

21 

13.02 

322 

6 

2&88 

894 

22 

13.60 

337 

7 

29.20 

908 

23 

13.52 

334 

8 

1            29.53 

921 

24 

13.01 

322 

9 

'            29.82 

936  ,                                   1              25 

12.33 

305  ! 

10 

30.03 

946  1                                   ;              28 

11.84 

291 

11 

3a  13 

950  '                                                 27 

11.30 

276 

12 

1            3ai2 

950                                      1              28 

10.76 

261 

13 

29.89 

940  ,                                                 29 

10.30 

248 

14 

28.74 

887  1 

1             30 

9.85 

238 

15 

28.41 

872  !  L 

Oct      1 

9.53 

230 

16 

2&04 

856 

2 

9.31 

224 

17 

i             27.30 

824 

3 

0.02 

218 

18 

i             26.61 

795 

4 

a84 

214 

19 

'             25. 82  1             764                                   ! 

5 

8.75 

212 

20 

25.02 

732 

6 

8.79 

213 

21 

24.31 

702 

7 

8.79 

213 

22 

23.69                678 

8 

8.77 

212 

23 

23. 17                657 

9 

a  70 

211 

24 

22.70  1             641 

10 

&63 

210 

25 

22.15 

619  ! 

11 

a60 

209 

96 

21.40 

590 

12 

8.58 

208 

27 

20.52 

557 

13 

a  57 

208 

28 

19.50 

520 

14 

8.48 

207 

29 

18.64 

492 

15 

&40 

205 

30 

ia87 

500 

16 

8.30 

202 

31 

1&22 

478 

17 

&20 

200 

Be.      1 

17.52 

457 

18 

8.01 

196 

^     2 

17.31 

451 

19 

7.92 

195 

3 

17.00 

442 

20 

7.82 

192 

4 

16.74 

433 

21 

7.73 

190 

5  ; 

16.43 

421 

22 

7.70 

189 

6 

16.41 

420 

23 

7.76 

190 

7 

16.76 

433 

24 

7.87 

103 

8 

17.62 

460 

25 

7.98 

196 

9 

1&34 

482 

26 

8.05 

197 

lO   i 

18.58 

400 

27 

&08 

198 

11 

1&54 

488 

28 

&06 

198 

12 

1&38 

484  ! 

29 

&10 

198 

13 

la  15                476  1 

30 

8.13 

198 

1.4 

17.78 

465 

31 

&18 

199 

15 

17.63 

461 

Not.    1 

8.30 

202 

16 

17.15 

446 

2 

&30 

202 

17 

16.40 

420 

3 

&33 

208 

18 

15.84 

404 

4 

8.38 

204 

19 

15.60 

398 

6 

8.47 

206 

20 

15.36 

390 

6 

8.51 

207 

21 

15.11 

383 

7 

&50 

207 

22 

14.83 

374 

8 

8.51 

207 

23   . 

14.44  ;             36^ 

V 

9 

&54 

208 

24 

13.97 

848 

10 

&54 

208 

25 

13.55 

335 

11 

&77 

212 

26 

13.06 

328 

12 

9.11 

220 

27 

12.62 

314 

13 

9.18 

2-22 

28 

12.21  !             301 

14 

9.39 

227 

29 

11.91  1             292 

15 

9.59 

232 

30 

11.74 

2^ 

16 

9.70 

235 

31 

11.54 

282 

17 

9.68 

234 

epl.    1 

11.42 

279 

18 

9.74 

236 

^^     2 

11.42 

279 

19 

9.86 

238 

3 

11.42                279 

20 

9.90 

240 

4 

11.41                279 

21 

9.78 

236 

5 

11. 41                279  t 

22 

9.62 

233 

6 

1L48 

280 

23 

9.54 

230  1 

7 

11.61 

284 

24 

9.41 

227  ; 

8 

11.76 

288 

25 

9.22 

222  ' 

9 

11.96 

2»3 

26 

9.18 

222  1 

10 

12.  iO  !              298  I                                  1 

27 

9.12 

220 

11 

12.13 

209 

28 

9.08 

219 

12 

■              12. 01 

295  ; 

29 

9.03 

218  i 

13 

''           11.85 

291 

30 

9.08 

219 

14 

11.66 

286 

Deo.     1 

9.09 

219  1 

15 

11. 47                280 

2 

9.10 

220  ! 

16 

11.19               273 

3 

9.11 

220  ' 

17 

11. 00               268 

4 

9.12 

220 

18 

11.02               268 

5 

9.11 

220 

19 

11.57 
IT    TilY    ^ 

i             283 

;7         1« 

6 

9.11 

220 

274 
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Table  showing  daily  discharge  of  Mieeiseippi  River  at  Fulton,  Tenn,,  ^o. — Continued. 


Discharge 

1 1 
1 

Discharge 

in  1,000 
cabic  feet 

Date. 

Oaoge. 

in  1,000 
cubic  feet 

Kemarks.       [ 

Date. 

Gaage. 

Bemarka. 

per  second.                               1 

perseoond^ 

1882. 

1 

1882. 

t 

Dec.     7 

9.25                223 

Dec.  20 

6.64 

167 

8 

9.46               228 

21 

6.65 

167 

9 

9.50                229 

22 

6.78 

169 

10 

9.34                225 

23 

7.12 

177 

11 

9. 06               219 

24 

7.70 

189 

12 

&74 

212 

25 

8.25 

201   1 

13 

8.47 

206 

26 

&86 

215 

14 

8.47 

206 

27 

9.61 

232 

15 

7.86  1             193  !                                 1 

28 

10.48 

254 

16 

7.47 

184 

29 

11.26 

274 

17 

7.22 

179 

30 

11.87 

291 

18 

7.04 

176                                                 31 

12.31 

304 

19 

6.78 

109  1 

1 

1 

I 

> 

1 


Table  showing  daily  discharge  of  the  Mississippi  Biver  at  Memphis,  Tenn,,  January  1, 1881, 

to  January  1,  1883. 

[Computed  fh>m  the  gauge  readings,  by  a  formula  deduced  from  discharge  observations  at  Hampton 
Lan^g,  Ark.,  1879-l8d0  (12  miles  below  Memphis),  and  transferred  to  Memphis  by  simaltaneons 
gauge  readings.] 


^ 

Discharge 

in  1,000 

cubic  feet 

Discharge 

in  1,000 
cubic  feet 

Dischaive 

in  1.000 
cabic  feet 

Date. 

Gauge. 

Date. 

Gauge. 

Date. 

Gauge. 

persecond. 

persecond. 

persecond. 

1881. 

i 

1881. 

1881. 

Jan.     1 

•••••••••••■ 

Feb.  16 

17 

27.20 
2a  00 

860 
882 

Apr.    3 

28.80 
2a  50 

914 

2 

"**  *'6.'45 

211 

902 

3 

5.55 

193 

18 

2a  60 

906 

5 

2a  50 

902 

4 

4.35 

169 

19 

29.10 

926 

6 

2a  40 

898 

5 

3.50 

152 

20 

29.50 

943 

7 

28.10 

886 

6 

2.95 

141 

21 

29.80 

955 

8 

2a  00 

882 

7 

2.70 

136 

22 

30.10 

969 

9 

27.80 

874 

8 

2.55 

133 

23 

30.50 

985 

10 

27.60 

800 

9 

2.45 

131 

24 

30.70 

993 ; 

11 

27.40 

858 

10 

2.35 

129 

25 

31.00 

1,005 

12 

27.40 

858 

11 

2.38 

180 

26 

31.00 

1,005 

13 

2a  40 

898 

12 

2.38 

180 

27 

3L20 

1.014 

14 

2a  80 

914 

13 

2.62 

134 

28 

31.50 

1,026 

15 

29.40 

939 

14 

3.22 

126 

Mar.    1 

31.60 

1,030  1 

16 

29.90 

009 

15 

4.04 

163 

2 

31.70 

1,034  ' 

17 

30.40 

981 

16 

5.80 

198 

3 

31.70 

1,034 

18 

30.80 

997 

17 

7.90 

249 

4 

31.40 

1,022 

19 

81.20 

1.014. 

18 

9.30 

279 

5 

31.10 

1,009 

2U 

31.50 

1.020 

19 

10.40 

309 

6 

31.50 

1. 026 

21 

31.80 

1.038 

20 

11.30 

336  1 

7 

29.80 

955 

22 

32.20 

1,057 

21 

12.30 

360 

8 

2a  70 

910 

23 

32.50 

1,072 

22 

13.30 

385 

9 

27.30 

854 

24 

32.75 

1,084 

23 

15.50 

451 

10 

25.70 

792 

25 

83.00 

1,097 

24 

17.50 

508 

11 

24.40 

744 

26 

33.20 

1,105 

25 

19.50 

573 

12 

23.50 

711 

27 

33.30 

1.109 

26 

20.90 

621 

13 

22.80 

687 

28 

33.30 

1,100 

27 

22.20 

666 

14 

22.20 

666 

29 

33.20 

1.105 

28 

23.00 

693 

15 

21.70 

650 

30 

83.15 

1.108 

29 

23.60 

715 

16 

21.70 

660 

May     1 

33.05 

1.090 

80 

23.95 

727 

17 

22.10 

662 

2 

33.00 

1,007 

31 

23.95 

727 

18 

22.80 

687 

8 

82.85 

1.060 

Feb.     1 

23.50 

711 

19 

23.50 

711 

4 

32.75 

1.084 

2 

22.60 

680 

20 

24.10 

733 

5 

82.65 

1,079 

8 

21.40 

641 

21 

24.70 

755 

6 

32.55 

1,074 

4 

19.80 

583 

22 

2.\90 

800 

7 

32.55 

1.074 

5 

18.00 

525 

23 

26.80 

836 

8 

32.55 

1.074 

6 

16.50 

482 

24 

27.60 

866 

9 

32.60 

1.077 

7 

14.90 

431 

25 

2a  10 

886 

10 

32.65 

1,079 

8 

13.70 

397 

26 

28.50 

902 

11 

82.05 

1,070 

•  9 

12.90 

374 

27 

28.80 

914 

12 

32.60 

1,077 

10 

13.20 

382 

28 

29. 10 

926 

13 

32.60 

1,077 

11 

.   13.70 

397 

29 

29.30 

935 

14 

32.45 

1.060 

12 

15.00 

434 

30 

29.30 

935 

15 

32.15 

1,054 

13 

19.50 

573 

31 

29.40 

939 

16 

31.75 

1.036 

14 

23.00 

693 

Apr.    1 

29.20 

930 

17 

31.00 

1,005 

15 

25.80 

796  i 

2 

29.00 

922  i 

18 

30.10 

1.000 

I  := 


)  1. 
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Tahie  mhawing  daily  discharge  of  the  Mississippi  River  aLMemphis,  Tenn,f  ^c. — Continued 


■ 

Discharge 

Discharge 

Discharge- 

Dmte. 

GAiige. 

in  1,000     1 
cubic  feet 

Date. 

Gauge. 

in  1,000 
cubic  feet 

Date. 

G-auge. 

in  1,000 
cabio  feet 

per  second. 

1 

per  second. 

per  seconds 

1801. 

! 

1881. 

1881. 

MMy    lO 

29.00 

922 

Aug.   5 

9.50 

284 

Oct.    22 

12.40 

862 

20 

27.80 

874 

6 

9.20 

276 

23 

12.50 

864 

21 

28.70 

832 

7 

9.00 

271  i 

24 

13.70 

897 

22 

25.40 

780  i 

8 

8.80 

267 

25 

14.50 

410 

23 

24.40 

744 

9 

8.60 

263 

26 

15.10 

487 

24 

23.50 

711 

10 

8.30 

255 

27 

15.50 

451 

2S 

22.60 

680 

11 

&00 

249 

28 

16.00 

469 

20 

21.80 

653 

12 

7.50 

237 

29 

16.20 

474 

27 

21.20 

634 

13 

7.10 

228 

30 

16.40 

477 

28 

20.80 

617 

14 

6.70 

216 

31 

16.40 

477 

29 

20.20 

597 

15 

6.30 

208 

Nov.    1 

16.80 

477 

30 

20.00 

590 

16 

5.80 

198 

2 

16.00 

469 

31 

19.70 

579 

17 

5.50 

192 

8 

15.80 

461 

rniM     1 

19.20 

563  \ 

18 

5.10 

184 

4 

15.70 

457 

2 

ia40 

537 

19 

4.80 

178 

5 

15.80 

561 

3 

17.60 

511 

20 

4.60 

174 

6 

16.00 

469 

4 

16.80 

480 

21 

4.50 

172 

7 

16.10 

472 

S 

16.10 

472 

22 

4.40 

170 

8 

16.40 

479 

9 

15.50 

451 

23 

4.35 

169 

9 

17.00 

498 

7 

15.20 

441 

24 

4.80 

168  1 

10 

17.40 

502 

8 

15.10 

437 

25 

4.10 

164 

11 

17.80 

517 

9 

15.30 

444 

26 

3.90 

160 

12 

17.90 

522 

10 

15.35 

446 

27 

3.80 

158 

18 

18.00 

525 

11 

15.20 

441 

28 

8.70 

156 

14 

1&20 

531 

12 

15.  UO 

434 

29 

3.65 

155 

15 

18.70 

547 

13 

14.80 

428 

80 

8.40 

150 

16 

19.80 

667 

14 

14.80 

428 

81 

8.30 

148 

17 

19.90 

586 

15 

15.00 

434 

Sept    1 

8.10 

144 

18 

20.50 

607 

le 

15.70 

457 

2 

2.90 

140 

.    19 

21.00 

625 

17 

16.50 

482 

3 

2.80 

138  , 

20 

21.80 

658 

18 

17.30 

502 

4 

2.70 

136 

21 

22.60 

680 

19 

18.00 

525 

6 

2.60 

182 

22 

23.40 

707 

20 

19.10 

560 

6 

2.40 

130 

23 

24.20 

736 

21 

20.40 

604 

7 

2.35 

131 

24 

24.70 

755 

22 

2L50 

644 

8 

2.30 

128 

25 

.    25.10 

769 

23 

22.30 

669 

0 

2.25 

127 

26 

25.25 

774 

24 

22.70 

688 

10 

2.20 

126 

27 

25.25 

774 

25 

23.80 

687 

11 

2.10 

124 

28 

25.10 

769 

20 

22.60 

680 

12 

2.10 

124 

29 

25.10 

769 

27 

22.10 

662 

13 

2.20 

126 

80 

25.20 

773 

28 

2L60 

647 

14 

2.20 

126 

Dec.     1 

25.20 

778 

29 

20.90 

621 

15 

2.30 

128 

2 

25.20 

778 

SO 

20.30 

600 

16 

2.40 

130 

3 

25.10 

769 

J^y      1 

19.70 

570 

17 

2.50 

132 

4 

24.80 

759 

2 

18.20 

531 

18 

2.60 

134 

1              6 

24.30 

740 

3 

ia70 

547 

19 

2.80 

188 

1              6 

23.40 

707 

4 

18.30 

534 

20 

2.00 

140 

7 

22. 40 

678 

5 

I&IO 

528 

21 

3.20 

146 

8 

21.10 

628 

« 

ia20 

531 

22 

3.70 

156 

9 

19.70 

579 

7 

18.45 

538 

23 

4.10 

164 

10 

18.40 

5.17 

8 

18.70 

547 

24 

4.20 

166 

11 

17.20 

499 

9 

18.70 

547 

25 

4.30 

168 

12 

16.00 

469 

10 

18.50 

540 

26 

4.30 

168 

13 

15.20 

441 

11 

l&OO 

525 

27 

4.30 

168 

14 

14.60 

422 

12 

17.80 

502 

28 

4.90 

180 

15 

14.00 

406 

13 

16.40 

479 

29 

5.80 

198  ' 

16 

13.50 

391 

14 

15.30 

444 

30 

6.10 

204 

17 

13.40 

388 

15 

14.20 

411 

Oct.      1 

6.20 

206 

18 

13.40 

388 

10 

13.20 

382 

2 

6.25 

207 

19 

13.30 

385 

17 

12.50 

364 

3 

6.30 

208 

20 

15.00 

434 

18 

}             12  30 

360 

4 

6.50 

212 

21 

16.40 

479 

19 

12.30 

360 

5 

6.90 

222 

22 

18.10 

528 

20 

12.30 

360 

6 

7.80 

245 

23 

20.00 

590 

21 

13.00 

376 

7 

8.90 

269 

24 

21.60 

647 

22 

13.30 

385 

8 

10.00 

297 

25 

23.00 

693 

23 

13.50 

301 

9 

10.80 

321 

26 

24.20 

736 

24 

13.70 

397 

10 

11.30 

336 

27 

25.30 

776 

25 

13.90 

403 

11 

11.70 

346 

28 

26.50 

824 

aa 

i              14.00 

406 

12 

12.20 

358 

29 

27.40 

858 

2T 

13L00 

403 

18 

12.60 

366 

30 

28.10 

886 

28 

13.80 

400 

14 

.  12.80 

372 

31 

28.60 

906 

29 

1              18.60 

394 

15 

12.90 

374 

1862. 

30 

1              13.30 

885 

16 

13.00 

376 

Jan.     1 

28.9 

918 

31 

12.70 

369 

17 

13.00 

376 

2 

29.2 

930 

▲Of.      1 

11.90 

352 

18 

12.00 

374 

3 

29.3 

935 

2 

i               IL 10 

330 

19 

12. 70 

369 

4 

29.4 

939 

3 

■               10. 40 

309 

20 

12.50 

364 

5 

29.4 

939 

4 

laso 

306 

21 

ia.40 

362  . 

6 

29.3 

935 
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TdbU  showing  daily  discharge  of  the  Missisaippi  EiveTj  at  Memphis,  Tenn.,  ^c. — Contina 


Discharge 

Discharge 

in  1.000 
cubic  feet 

Discha 

Date. 

Oange. 

in  1,000 
cubic  feet 

Date. 

1 

G-ange. 

Date. 

<^*»^««-      cabicf 

per  second. 

1882. 

per  second. 

peraeec 

1882. 

1882. 

i 

^an.     7 

29.3 

935 

Mar.  26 

33.7 

1.125 

June  12 

31.5              1, 

8 

29.2 

930 

27 

33.5 

1.117 

13 

31.4 

1 

^  ! 

29.0 

922 

28 

33.4 

1.113 

14 

31.3 

1 

10 

28.8 

914 

29 

33.2 

1,105 

15 

30.9 

1 

11 

28.75 

912  , 

30 

83.0 

1,097 

16 

30.1 

12 

2&6 

906 

31 

32.85 

1,089 

17 

29.2 

13 

28.9 

918 

Apr.     1 

32.7 

1,082 

18 

28.4 

14 

29.1 

926 

2 

32.65 

1,074 

19 

27.6 

15 

29.4    i 

939 

3 

82.4 

1,067 

20 

27.2 

16 

29.8 

955 

4 

82.4 

1,067 

21 

27.2 

17 

30.5 

967 

5 

32.25 

1,059 

22 

27.8 

18 

31.0 

1.005 

6' 

32.15 

1,054 

23 

28.5 

19 

31.4 

1.022 

7 

31.9 

1,042 

24 

29.0 

20 

31.7 

1,034 

8 

8L45 

1,024  ; 

25 

29.2 

21 

82.0 

1,047 

9 

80.7 

993 

26 

29.3 

22 

32.8 

1.062 

10 

29.9 

960 

'            27 

29.4 

23 

32.7 

1,082 

11 

29.2 

930 

28 

29.5 

24 

32.0 

1.092 

12 

28.8 

914 

29 

29.5 

25 

33.2 

1,105 

18 

28.5 

902 

30 

29.1 

26 

33.4 

1.113 

14 

28.3 

894 

July     1 

28.8 

27 

33.6 

1,121  1 

15 

28.0 

882 

2 

28.5 

S8 

33.9 

1,133 

1            16 

27.75 

872 

8 

28.2 

29 

34.0 

1,137  j 

17 

27.5 

862 

1               4 

28.1 

k 

30 

34.1 

1. 142  ' 

18 

27.5 

862 

6 

28.0 

31 

34.1 

1.142 

19 

27.6 

866 

1              « 

2&0 

Feb.     1 

34.15 

1,144^ 

!            20 

27.6 

862 

7 

28.5 

2 

84.0 

1.137 

21 

27.1 

847 

8 

28.9 

3 

34.0 

1, 187 

22 

26.5 

824 

9 

29.2 

4 

34.15 

1,144 

1            23 

25.7 

792 

10 

29.5 

5 

34.1 

1.142 

24 

24.9 

762 

11 

29.7 

6 

34.1 

1, 142  , 

25 

24.1 

733 

12 

30.0 

7 

34.25 

1. 149 

26 

23.4 

707 

18 

29.8 

8 

34.25 

1.149 

27 

23.0 

693 

14 

29.65 

9 

34.3 

1.151 

28 

2*2.6 

080 

15 

29.2 

10 

34.  Sw 

1,151 

1            29 

23.4 

707 

16 

28.5  ; 

11 

34.25 

1,149 

1            30 

23.75 

720 

17 

27.8    ; 

12 

31.25 

1.149 

jMay     1 

24.1 

733 

18 

27.1 

13 

34.25 

1,149 

2 

24.3 

740 

19 

26.3 

14 

34.25 

1,149 

8 

24.4 

744 

20 

25.5    1 

15 

84.25 

1.149 

4 

24.5 

747 

21 

24.6 

16 

34.15 

1,144 

5 

24.6 

751 

22 

23.7 

17 

34.1 

1,142 

!              6 

24.7 

755 

1            23 

23.0 

18 

34.05 

1,139 

i               7 

24.7 

755 

24 

22.5 

19 

34.0 

1,137 

!              8 

24.6 

751 

25 

21.0 

[ 

20 

33.95 

1,135 

9 

24.6 

751 

26 

21.3     ; 

21 

33.95 

1,135 

10 

25.2 

773 

27 

20.3    ' 

22 

33.90 

1,133 

11 

26.85 

838 

28 

19.8 

23 

33.95 

1,135 

i            12 

28.50 

902 

29 

18.2 

24 

34.0 

1,137 

13 

29.30 

I               935 

30 

17.2 

26 

84.05 

1.139 

14 

30.0 

!               965 

31 

16.3 

26 

34.15 

1.144 

15 

30.5 

967 

Aug.    1 

15.5 

27 

34.2 

1,147 

16 

;            31.1 

,009 

2 

15.0 

28 

34.55 

1,162 

1*^ 

31.5 

1,026 

3 

14.5 

Mar.    1 

34.6 

1,165 

18 

31.7 

1,034 

4 

14.3 

2 

34.8 

1.174 

19 

31.9 

1,042 

5 

14.0 

3 

34.8 

1,174 

20 

32.0 

1.047 

6 

13.7 

4 

34.8 

1,174 

21 

1           32.1 

1,052 

7 

13.7 

5 

84.8 

1,174 

22 

32.2 

1,057 

1              8 

14.4 

6 

35.15 

1,188 

23 

32.2 

1,057 

'              9 

15.2 

7 

35.05 

1,184 

24 

32.2 

1.057 

10 

15.9 

8 

35.00 

1.182 

25 

32.2 

1.057 

1            11 

16.1 

9 

35.15 

1,188 

26 

1           32. 15 

>i.054 

12 

16.0 

10 

35.00 

1.182 

27 

32.1 

1.052 

la 

15.8 

11 

85.00 

1,182 

28 

1           31.95 

1.044 

14 

15.0 

12 

84.8 

1,174 

29 

31.65 

1,032 

15 

15.3 

13 

34.7 

1,169 

30 

31.20 

1,014 

16 

15.0 

14 

34.55 

1,162 

31 

30.7 

1  993 

17 

14.6 

15 

35.55 

1,162 

JTiiDe   1 

'        -30.35 

979 

18 

14.1 

16 

34.45 

1,158 

2 

30.3 

9-/7 

19 

13.8 

17 

34.4 

1,156 

8 

30.4 

981 

20 

13.0 

18 

84.3 

1,151 

4 

30.6 

989 

21 

13.4 

19 

34.25 

1,140 

5 

30.8 

997 

22 

13.2 

20 

34.2 

1,147 

6 

30.9 

1,001 

23 

12.8 

21 

34.15 

1.144 

7 

81.1 

1.04»9 

i            24 

_12.3 

22 

34.05 

1.139 

8 

31.25 

1,016 

1            25 

11.8 

23 

34.5 

1.160 

9 

31.4 

1,022 

26 

11.3 

24 

33.9 

1,133 

10 

31.6 

1.026 

27 

10.8 

25 

83.8 

1,129 

11 

3L5 

1.  026 

28 

10.2 
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twing  daily  discharge  of  Mississippi  Biver  at  Memphis^  Tenn,,  ^o. — Continned. 


Discharge 

1 

Discharge 

Discharge 

in  1,000 
cabic  feet 

Gangei 

in  1,000 
cnbio  feet 

Date. 

Gkingew 

in  1,000 
cubic  feet  i 

Date. 

G-ange. 

per  second. 

per  second. 

per  second. 

1882. 

! 

1882. 

9.5 

284 

Oct    10 

a4 

190 

Nov.  21 

7.25 

231 

ao 

271 

11 

5.4 

190 

22 

7.25 

281 

ao 

269 

12 

a  4 

190 

23 

7.00 

226 

&0 

269 

13 

a  4 

190 

24 

a  75 

217 

8.8 

267 

14 

a4 

190 

25 

a60 

214 

8.8 

267 

16 

ass 

189 

26 

ass 

213 

as 

267 

16 

a  22 

186 

27 

aso 

212 

a  75 

266 

17 

a  13 

184 

28 

a  45 

211 

a  75 

266 

18 

a  13 

184 

29 

6  40 

210 

ass 

268 

19 

4.84 

179 

30 

ass 

2osr 

aoo 

269 

20 

4.68 

175 

Deo.     1 

aso 

208 

0.25 

277 

21 

4.55 

173 

2 

a2s 

207 

ai5 

282 

22 

4.55 

173 

8 

a2s 

207 

a55 

283 

23 

4.47 

171 

4 

aso 

208 

0.56 

283 

24 

4.47 

171 

5 

a4o 

210 

0.40 

281 

25 

4.84 

178 

6 

a  40 

210 

9.26 

277 

26 

4.88 

180 

7 

a  46 

211 

9.00 

271 

27 

4.97 

181 

8 

a  60 

214 

a6o 

260 

28 

4.97 

181 

9 

aso 

219 

a  30 

255 

29 

4.97 

181 

10 

aoo 

214 

a25 

254 

80 

4.03 

181 

11 

aso 

212 

a25 

254  i 

31 

a  01 

182 

12 

a25 

207 

aoo 

271 

Nov.    1 

a  13 

184 

13 

aoo 

202 

10.00 

297 

2 

a  18 

185 

14 

a  70 

196 

10.50 

312 

3 

a22 

196 

15 

a  25 

187 

1L40 

338  1 

4 

a  22 

186 

16 

4.85 

179 

11.25 

334 

6 

a34 

188 

17 

4.45 

171 

10.40 

338 

6 

a43 

190 

18 

4.20 

166 

aso 

292 

7 

a  47 

191 

19 

4.00 

162 

0.26 

277 

8 

a  51 

192 

20 

a  75 

157 

a55 

261 

9 

a52 

192 

21 

aso 

152 

aoo 

249 

10 

a54 

192 

22 

ass 

158 

7.30 

233 

11 

ass 

198 

23 

a  76 

157 

as 

219 

12 

a97 

193 

24 

4.15 

165 

as 

208 

13 

a  18 

205  ! 

26 

4.90 

180 

ao 

202 

14 

a26 

207 

26 

a  07 

183 

as 

198 

15 

a  47 

211 

27 

aso 

208 

5.76 

197 

16 

a  76 

217 

28 

7.20 

230 

a45 

191 

17 

ass 

220 

29 

a  20 

253 

&46 

191 

18 

7.00 

225 

30 

9.00 

271 

a4 

190 

10^ 

7.10 

228 

31 

a  70 

280 

&4 

190 

20 

7.20 

230 

tii^  daily  discharge  of  the  Mississippi  River  at  CarrollUm,  La,^  January  1, 1881, 

to  January  If  1883. 

ftom  the  gauge  readings  by  a  formula  deduced  trom  discharge  observations  at  the  same 
pomt  extenoing  from  December,  1879,  to  October,  1880.]  . 


Discharge 

in  1,000          T^^^ 
cubic  feet       ^*^- 

Discharge 

Discharge 

in  1,000 
cubic  feet 

J^aagc. 

Gauge. 

in  1,000 
cubic  feet 

Date. 

Gauge. 

per  second. 

per  second. 

1881. 

per  second. 

1881.  . 

•••••• *•••••) 

Jan.    20 
21 

2.1 
2.0 

296 
292 

Feb.     8 
9 

ia4 
ia4 

681 

as 

438 

681 

ai 

428 

22 

2.1 

296 

10 

10.0 

661 

as 

451 

23 

2.4 

SOS 

11 

lai 

666 

ao 

424 

24 

ao 

883 

12 

a  9 

666 

4.6 

406 

25 

a  2 

342 

13 

a  6 

641 

4.3 

393 

26 

a  6 

361 

14 

as 

626 

ao 

374 

27 

4.1 

383 

15 

as 

626 

ao 

874  I 

28 

4.8 

415  ' 

16 

as 

626 

as 

356 

29 

as 

451 

17 

a  4 

631 

2.0 

829 

30 

a  6 

492 

18 

as 

661 

2.5 

812 

31 

7.2 

530 

19 

10.3 

676 

2.4 

'               808 

Feb.     1 

7.9 

562 

1            20 

10.6 

691 

2.1 

296 

2 

as 

•      578 

21 

las 

701 

2.6 

316 

3 

a6 

591 

22 

11.3 

726 

2.0 

292 

4 

a9 

606 

23 

11.4 

731 

1.0 

288 

6 

as 

626 

24 

11.6 

742 

L8 

284 

6 

lao 

661 

25 

11.9 

768 

1.8 

284 

7 

lao 

691 

26 

12.0 

764 
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Table  showing  daily  discharge  of  MisHssippi  Eiver  at  Carrollion,  La.^  ^c. — Contina 


DAt«. 


Gaage. 


1881. 

Feb.  27 

12.3 

28 

12.1 

Mar.  1 

12.2 

2 

12.0 

3 

12.1 

4 

12.2 

5 

12.2 

6 

12.1 

7 

12.2 

8 

12.0 

0 

12.0 

10 

12.2 

11 

12.3 

12 

12.4 

13 

12.3 

14 

12.4 

15 

12.6 

16 

12.5 

17 

12.4 

18 

12.3 

19 

12.3 

20 

12.2 

'   21 

12.3 

22 

11.9 

28 

12.1 

24 

12.1 

25 

12.1 

26 

12.2 

27 

12.2 

28 

12.3 

29 

12.4 

80 

12.25 

81 

12.2 

Apr.  1 

12.2 

2 

12.2 

8 

12.2 

4 

12.3 

6 

12.3 

6 

12.8 

7 

12.3 

8 

12.4 

9 

12.4 

10 

12.4 

11 

12.4 

12 

12.56 

13 

12.5 

14 

12.3 

15 

12.3 

16 

12.2 

17 

12.0 

18 

12.1 

19 

12.1 

20 

12.0 

21 

12.1 

22 

12.1 

23 

12.2 

24 

12.4 

25 

12.2 

26 

12.3 

27 

12.2 

28 

12.1 

29 

12.0 

30 

12.0 

May  1 

11.9 

2 

11.9 

3 

12.0 

4 

11.9 

5 

11.9 

6 

12.1 

7 

12.1 

8 

12.3 

9 

12.2 

10 

12.2 

11 

12.3 

12 

12.2 

13 

12.1 

14 

12.2 

15 

12.2 

Discharge 

in  1,000 
oabio  feet 
per  seoond. 


780 

769 

774 

764 

769 

774 

774 

769 

774 

784 

764 

774 

780 

785 

780 

785 

790 

790 

786 

780 

780 

774 

780 

758 

769 

769 

769 

774 

774 

780 

785 

777 

774 

774 

774 

774 

780 

780 

780 

780 

785 

785 

786 

785 

792 

790 

780 

780 

774 

764 

769 

769 

764 

769 

769 

774 

785 

774 

780 

774 

769 

764 

764 

758 

758 

764 

758 

758 

769 

769 

780 

774 

774 

780 

774 

769 

774 

774 


Date.        GaoKO. 


1881. 

May  16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

June    1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Aug.    1 


July 


12.1 

12.0 

12.1 

12.1 

12.1 

12.25 

12.3 

12.3 

12.3 

12.3 

12.4 

12.3 

12.3 

12.3 

12.4 

12.3 

12.3 

12.2 

12.2 

12.2 

12.2 

12.2 

12.2 

12.2 

12.0 

12.0 

11.9 

11.6 

11.3 

II.  1 

10.9 

10.8 

10.7 

10.5 

10.3 

10.2 

10.1 

10.0 

9.75 

9.6 

9.6 

9.6 

9.6 

9.8 

9.9 

9.'95 

9.9 

9.9 

10.0 

10.0 

9.9 

9.8 

9.6 

9.4 

9.2 

9.1 

a? 

8.8 
8.1 
7.9 
7.9 
7.7 
7.4 
7.1 
6.7 
6.3 
5.6 
4.9 
4.8 
3.9 
3.7 
3.4 
3.8 
3.2 
3.3 
3.4 
3.4 
3.9 


Discharge 

in  1,000 

cubic  feet 

per  second. 


769 

764 

769 

769 

769 

777 

780 

780 

780 

780 

785 

780 

780 

780 

785 

780 

780 

774 

774 

774 

774 

774 

774 

774 

764 

764 

758 

742 

726 

716 

706 

701 

696 

666 

676 

671 

666 

661 

648 

641 

641 

641 

641 

651 

656 

668 

656 

65ti 

661 

661 

656 

•51 

641 

631 

621 

616 

596 

578 

670 

662 

562 

554 

541 

625 

603 

483 

451 

420 

393 

374 

365 

351 

347 

342 

347 

351 

351 

374 


Date. 


Sept. 


188L 

Aug.    2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1 

2 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


Gauge. 


Diact 

in  I, 

cubic 

persei 


Oct. 


4.3 
4.4 

3.9 
3.6 
3.3 
3.2 
2.8 
2.5 
2.1 
1.9 
1.7 
1.7 
1.7 
1.6 
1.8 
2.0 
2.0 
1.7 
1.4 
1.1 
1.0 
1.0 
0.8 
0  8 
LO 
LO 
0.7 
.0.8 
0.8 
1.3 
L4 
1.5 
1.5 
1.4 
1.3 
LI 
0.8 
0.7 
0.6 
0.3 
0.4 
0.6 
0.8 
1.15 
L6 
LI 
LI 
L3 
L2 
LO 
0.9 
0.7 
0.66 
0.7 
0.8 
LO 
L2 
L4 
L4 
L8 
2.0 
L9 
L8 
L4 
LI 
L2 
2.1 
L8 
L6 
L4 
L7 
1.0 
2.2 
2.2 
2.4 
2.5 
2.7 
2.75 
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TtibU  thincing  daily  discharge  of  MissisHppi  Biper  at  Carrollton,  Xa.,  4'c* — Continued. 


Dito. 

Oaage. 

Discharge 

in  1,000 

cubic  feet 

per  second. 

Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 
per  second. 

Date. 

■ 

Gauge. 

Discharge 

in  1,000 
cubic  feet 
per  second. 

1881. 

i 

1882. 

1882. 

Oct  19 

2.75 

322 

Jan.     4 

9.9 

656 

Mar.  23 

14.65 

904 

20 

2.76 

822 

5 

10.0 

661 

24 

14.65 

904 

21 

2.85 

327 

6 

10.4 

681 

26 

14.8 

012 

22 

2.9 

329 

7 

10.7 

696 

26 

14.8 

912 

23 

2.9 

329 

8 

10.9 

706 

27 

14.95 

921 

24 

3.0 

333 

9 

ILl 

716 

28 

14.9 

918 

2S 

2.9 

329 

10 

11.2 

721 

29 

14.75 

909 

» 

2.9 

328 

11 

11.2 

721 

30 

14.65 

904 

27 

3.0 

333 

12 

11.2 

721 

31 

14.6 

901 

28 

8w5 

356 

13 

1L2 

721 

Apr.    1 

14.6 

901 

29 

4.0 

379 

14 

11.3 

726 

2 

14.65 

904 

30 

4.4 

397 

15 

11.3 

726 

8 

14.6 

901 

31 

4.1 

383 

16 

11.4 

731 

4 

14.6 

901 

VOT.    1 

4.1 

883 

17 

11.7 

747 

6 

14.6 

901 

2 

4.2 

388 

18 

11.6 

742 

6 

14.6 

001 

.3 

4.2 

388 

19 

11.7 

747 

7 

14.4 

890 

4 

4.3 

393 

20 

11.8 

753 

8 

14.4 

890 

5 

4.4 

397 

21 

12.1 

769 

9 

14.2 

879 

6 

4.5 

402 

22 

12.2 

774 

10 

14.1 

874 

7 

4.9 

420 

28 

12.3 

780 

U 

14.1 

874 

8 

4.8 

415 

24 

12.3 

780 

12 

14.2 

879 

9 

4.8 

415 

25 

12.5 

700 

13 

14.3 

884 

10 

4.8 

415 

26 

12.4 

785 

14 

14  16 

.876 

U 

5.0 

424 

27 

12.3 

780. 

15 

14.15 

'876 

12 

5.2 

413 

28 

12.6 

700 

16 

14.1 

874 

13 

5.2 

433 

29 

12.6 

795 

17 

14.0 

869 

14 

5.3 

438 

30 

12.7 

800 

18 

14.0 

869 

IS 

5.3 

438 

31 

12,7 

800 

19 

13.9 

864 

16 

'6.45 

444 

Feb.     1 

12.7 

800 

20 

13.9 

864 

17 

6.7 

456 

2 

12.7 

800 

21 

13.75 

856 

18 

5.8 

460 

3 

12.85 

807 

22 

13.9 

864 

19 

5.8 

460 

4 

12.8 

805 

28 

13.7 

868 

20 

6.8 

478 

6 

12.7 

800 

24 

13.6 

848 

21 

6.2 

478 

6 

12.7 

800 

25 

18.5 

842 

22 

6.7 

603 

7 

12.8 

806 

26 

13.5 

842 

23 

7.2 

530 

8 

12.9 

810 

27 

13.45 

889 

24 

7.4 

641 

9 

13.0 

816 

28 

18.45 

839 

25 

7.6 

550 

10 

12.9 

810 

29 

13.6 

848 

26 

7.8 

558 

11 

13.0 

816 

80 

13.5 

848 

27 

8.1 

670 

12 

13.0 

816 

May     1 

13.45 

889 

28 

&8 

678 

13 

13.1 

821 

2 

13.4 

838 

29 

&6 

501 

14 

13.1 

821 

3 

13.3 

881 

W 

8.9 

606 

16 

13.2 

826 

4  ; 

13.2 

826 

[^    1 

9l0 

611 

16 

13.2 

826 

5 

13.2 

826 

2 

9.2 

621 

17 

13.2 

826 

6 

13.2 

sS. 

8 

9l4 

631 

18 

13.3 

831 

7 

13.1 

4 

9.4 

631 

19 

13.4 

836 

8 

13.2 

828 

6 

9.5 

636 

20 

13.4 

836 

9 

13.1 

821 

6 

9.7 

646 

21 

13.5 

842 

10 

13.1 

821 

7 

9.7 

646 

22 

13.4 

836 

11 

13.2 

828 

8 

9.8 

651 

23 

13.4 

836 

12 

13.0 

816 

9 

9.9 

656 

24 

13.4 

836 

18 

12.9 

819 

10 

9.9 

656 

25 

13.6 

848 

14 

12.9 

810 

11 

9.8 

661 

26 

13.7 

853 

15 

12.9 

810 

12 

9.8 

651 

SZ 

13.8 

858 

16 

12.8 

805 

18 

9.6 

641 

28 

14.0 

869 

17 

12.7 

800 

14 

9.5 

636 

Mar.    1 

14.1 

874 

18 

12.8 

806 

15 

8.9 

606 

2 

14.0 

869 

19 

12.7 

800 

10 

a7 

596 

8 

14.1 

874 

20 

12.8 

805 

17 

8.4 

582 

4 

14.1 

874 

21 

12.8 

806 

18 

&2 

674 

5 

14.2 

879 

22 

12.8 

805 

19 

7.8 

658 

6 

14.3 

884 

23 

12.7 

800 

20 

7.5 

546 

7 

14.4 

890 

24 

12.8 

805 

21 

7.2 

530 

8 

14.6 

901 

25 

12.8 

805 

22 

ft.8 

508 

9 

14.7 

907 

26 

12.8 

805 

28 

6.5 

492 

10 

14.6 

901 

27 

12.8 

805 

84 

6.2 

478 

U 

14.7 

907 

28 

12.8 

805 

26 

8.3 

483 

12 

14.8 

912 

29 

12.7 

800 

26 

8.5 

492 

13 

14.75 

909 

30 

12.7 

800 

27 

8.6 

492 

14 

14.7 

907 

81 

12.6 

795 

28 

.     6.9 

614 

15 

14.75 

909 

June    1 

12.6 

795 

29 

7.8 

636 

16 

14.8 

912 

2 

12.5 

790 

30 

7.5 

546 

17 

14.8 

912 

3 

12.5 

790 

^J^ 

8.0 

566 

18 

14.9 

918 

4 

12.4 

785 

iai.   1 

19 

14  8 

912 

5 

12.4 

785 

&5 

586 

20 

14.9 

918 

6 

12.4 

78S 

2 

&9 

606 

21 

14.9 

918 

7 

12.5 

790 

8 

9.5 

636 

22 

14.8 

912 

8 

12.7 

800 
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Table  ihowing  daily  discharge  of  the  Misaiasippi  Biver  at  CarrollUmy  La,,  ^c, — Contin 


Discharge 

Discharge 
in  1.000 
oabio  feet 

Disci 

Date. 

Gauge. 

in  1,000 
cnbic  feet 

Date. 

Oangft 

Date. 

(range. 

inl, 
cubic 

per  second. 

, 

per  second. 

1 

perse) 

1882. 

1882. 

1 

1     1882. 

June    9 

12.8 

805 

Aug.  17 

7.9 

562 

Oct.    25 

1.2 

10 

12.8 

ao5 

18 

7.8 

558  \ 

26 

1.2 

11 

12.8 

805 

19 

7.6 

560 

27 

1.2 

12 

12.7 

800 

1            20 

7.5 

646 

28 

L25 

13 

12.6 

795 

21 

7.4 

541 

29 

1.5 

U 

12.6 

795 

22 

7.3 

536 

30 

1.85 

15 

12.6 

795 

23 

7.1 

525 

31 

.2.0 

16 

12.6 

795 

24 

6.7 

508  1 

Nov.    1 

2.0 

17 

12.55 

792 

25 

6.4 

487 

2 

1.8 

18 

12.55 

792 

26 

6.1 

474 

3 

1.8 

19 

12.55 

795 

27 

5.8 

460 

4 

L7 

20 

12.50 

790 

28 

5.6 

461 

6 

1.6 

21 

12.50 

790 

29 

5.4 

442 

6 

L5 

22 

12.4 

785 

30 

5.0 

424 

7 

L2 

23 

12.5 

790 

31 

4.9 

420 

1              * 

1.0 

24 

12.5 

790  1 

Sept.    1 

4.6 

406 

9 

1.1 

25 

12.5 

790 

2 

4.4 

397 

10 

1.1 

26 

12.5 

790 

3 

% 

11 

1.1 

27 

12.5 

700  ' 

4 

12 

1.4 

28 

12.6 

795  1 

6 

1            18 

1.8 

20 

12.6 

795 

6 

\        (*) 

14 

1.7 

30 

12.6 

795 

7 

»     ' 

15 

1.7 

July    1 

12.5 

790 

8 

!            16 

L7 

2 

12.5 

790 

9 

17 

1.7 

3 

12.45 

787 

10 

2.7 

320 

18 

1.7 

4 

12.4 

785 

U 

2.7 

320 

19 

1.7 

5 

12.4 

785 

12 

2.7 

320 

20 

1.6 

6 

12.4 

785 

13 

2.6 

816 

21 

1.4 

7 

12.4 

785 

14 

2.6 

316 

22 

1.4 

8 

12.4 

785 

15 

2.6 

316 

23 

L4 

9 

12.4 

785 

16 

2.75 

322 

24 

L6 

10 

12.35 

782 

17 

2.7 

320 

25 

2.0 

11 

12.35 

782 

18 

2.6 

316 

26 

2.4 

12 

12.35 

782 

19 

2.6 

816 

27 

2.9 

13 

12.35 

782 

20 

2.6 

316 

28 

2.7 

14 

12.35 

782 

21 

2.75 

822 

39 

2.7 

15 

12.3 

780 

22 

2.75 

822 

80 

2.65 

10 

12.2 

774 

23 

2.75 

322 

Deo.     1 

2.6 

17 

12.2 

774 

24 

2.56 

314 

2 

2.4 

18 

12.2 

774 

25 

2.35 

306 

3 

2.5 

19 

12.1 

769 

26 

2.35 

306 

4 

2.7 

20 

12.2 

774 

27 

2.35 

306 

5 

2.8 

21 

12.1 

769 

28 

2.60 

316 

6 

2.9 

22 

12.2 

774 

29 

2.9 

329 

7 

2.9 

28 

12.1 

769 

30 

3.2 

342 

8 

3.0 

24 

12.2 

774 

Oct      1 

3.4 

351 

9 

3.0 

25 

12.2 

774 

2 

3.2 

342 

10 

2.8 

26 

12.2 

774 

3 

3.2 

342  1 

11 

2.8 

27 

12.1 

769 

4 

8.1 

338  ! 

12 

2.8 

28 

12.0 

764 

5 

2.9 

329 

13 

2.85 

29 

12.0 

764 

6 

2.6 

316 

14 

2.9 

30 

11.0 

758 

7 

2.4 

308 

15 

8.0 

31 

11.9 

758 

8 

2.4 

308 

16 

2.0 

Aag.    1 

11.7 

747 

9 

2.4 

308 

17 

2.9 

2 

11.7 

747 

10 

2.2 

300 

18 

3.0 

3 

11.5 

736 

11 

1.9 

288 

19 

3.0 

4 

11.6 

736 

12 

L.% 

272 

20 

3.2 

5 

1L4 

731 

13 

1.4 

267  \ 

21 

3.0 

6 

11.1 

716 

14 

1.5 

272 

22 

8.1 

7 

10.8 

701  i 

15 

1.5 

272 

23 

2.9 

8 

10.5 

686 

16 

1.6 

276 

24 

2.9 

9 

10.0 

661 

17 

1.8 

284 

25 

2.6 

10 

9.7 

646 

18 

1.7 

280 

26 

2.4 

11 

9.3 

626 

19 

1.9 

288 

27 

2.2 

12 

ao 

606 

20 

2.2 

300  1 

28 

2.0 

13 

a5 

586 

21 

2.0 

292 

29 

1.9 

14 

8.3 

578 

22 

L7 

280  1 

30 

1.8 

16 

8.1 

570 

23 

1.6 

272 

81 

L8 

16 

ao 

566 

24 

L25 

261 

• 

Oaage  dowx 

u 
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APPENDIX  Q. 

upobt  07  assistant  kngineer  j.  a.  ockbrson  on  changes  in  mississippi  river 

between  grand  gulf  and  donaldsonville. 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  September  15,  1883. 

Sir:  While  in  the  field  traclDgs  were  made  of  local  maps  covering  the  river  from 
Onod  Gulf  to  New  Orleans,  with  a  view  to  a  study  of  the  changes  that  have  oc- 
eorred.  Between  Natchez  and  Bayou  Sara  special  pains  were  taken  to  identify  points 
of  the  old  surveys  and  connect  with  them-.  From  Urand  Gulf  to  Fort  Adams  the  com- 
parisons were  made  with  the  land  surveys  of  1828.  These  maps  show  only  the  right 
bank  as  connected  with  the  township  and  other  lines,  while  the  left  hank  has  been 
sketched  in,  and  does  not  represent  correctly  the  width  of  the  river.  The  relative  po- 
sitions of  the  river  bed  in  1828  and  1883  are  shown  in  Plates  1  and  2,  submitted  here- 
'witb.  In  making  these  comparisons,  old  boundary  lines,  bayons,  lakes,  towns,  itiads, 
Ac,  which  were  common  to  the  two  survej^s  were  used.  On  sheet  1  and  a  part  of  2, 
the  common  points  agreed  fairlv  well.  From  Dead  Man's  Bend  to  Fort  Adams  the 
oomparisons  are  not  reliable,  and  from  the  latter  point  down  to  Red  River  Landing 
tlie  discrepancies  between  the  two  surveys  are  so  great  that  they  could  not  be  har- 
monized. Throughout,  the  comparisons  must  not  be  regarded  as  exact,  but  will  serve 
to  indicate  in  a  general  way  what  changes  have  occurred  in  the  past. 

The  river  at  two  periods  55  years  apart  is  here  compared,  but  there  may  have  been 
eiMter  changes  during  that  period  than  are  here  shown.  Islands  and  battures  have 
doahtless  been  made  and  washed  away  again  during  the  interval.  For  more  than 
cme-half  of  the  length  of  the  above  reach,  the  present  bed  of  the  river  is  entirely 
outside  of  the  limits  of  the  bed  of  1828,  and  in  some  cases  it  is  severaJ  miles  from  it. 

From  Red  River  Landing  to  Donaldson ville  a  better  coniparison  can  be  made  by 
usinE  the  survey  of  Humphreys  and  Abbot,  made  in  1851.  Tracings  of  the  latter,  on 
»  scale  of  1 :  10,000,  were  compared  with  the  surveys  of  1883  made  by  the  Mississippi 
River  (Commission.  Numerous  points  on  the  old  survey,  such  as  angles  and  straight 
portions  of  levee,  plantation  lines,  churches,  towns,  roads,  bayous,  &c.,  were  easily 
identified  and  agreed  very  closely  with  the  surveys  of  1883,  and  the  comparisons  shown 
on  sheets  3,  4,  and  5  may  be  considered  as  reliable.  There  was  some  doubt  about  the 
points  in  the  vicinitv  and  opposite  Batop  Rouge,  and  this  reach  has  been  omitted. 
Tlie  Humphreys  and  Abbot  tracings  do  not  show  the  left  bank  of  the  river  above 
Baton  Rouge  except  in  the  vicinity  of  Red  River,  and  to  prevent  confusion  this  has 
l>«en  sketched. 

The  lines  of  the  survey  of  1851  came  down  along  the  old  river;  hence  from  Raocourci 
cut-ofif  to  New  Texas  we  have  no  means  of  comparison. 

A  tracing  was  made  of  an  old  map  from  the  archives  at  Baton  Rouge,  showing  the 
trends  in  the  vicinity  of  Red  River  as  they  were  prior  to  1810.  This  map  showed  the 
8^te  line  between  Mississippi  and  Louisiana. 

The  position  of  these  bends,  as  shown  on  sketch,  with  reference  to  the  later  surveys 
depends  on  the  St^te  line  and  on  the  river  bank  across  Routh's  Point,  which  is  still 
I^lainly  marked  and  apparently  common  to  the  three  surveys.  The  relative  positions 
Are  therefore  approximate. 

An  examination  of  the  sketches  shows  that — 

The  bends  have  moved  down  stream ; 

The  islands  have  moved  down  stream  ; 

The  Breponderance  of  the  movement  of  the  river  as  a  whole  has  been  to  the  west ; 

The  bends  have  grown  longer.  From  Grand  Gulf  to  Fort  Adams  this  lengthening 
Anoonte  to  about  4  miles.     Below  Baton  Rouge  the  changes  are  comparatively  slight; 

Theehanges  in  the  vicinity  of  the  two  cut-ofis  near  Red  River  are  not  as  great  as 
At  distant  points  both  above  and  below; 

The  caving  has  been  very  much  the  greatest  on  the  upper  side  of  the  points. 

High-water  widtha  of  the  river  between  Baton  Rouge  and  Donaldsonville, 

,  In  Humphreys  and  Abbot's  Report,  pages  118  and  119,  are  given  the  widths  of  the 
'^^  At  Domerons  points.  From  Baton  Kouge  down  they  are  given  at  intervals  of 
j|hoQt  4,000  feet.  Most  of  these  positions  are  easily  identified,  and  the  widths  as  given 
^7  the  sorvey  of  1883  have  been  measured.  The  results  are  given  in  a  table  appended 
herewiih. 

If  we  compare  the  last  68  sections  we  find  that  the  mean  width,  according  to  the 

•urveyof  1851,is  2,835  feet:  and  from  the  survey  of  1883  it  is  2,984  feet,  or  an  increase 

in  thirty-two  years  of  149  feet.    This  gives  an  average  of  a  little  less  than  6  feet  per 
year. 
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Widths  between  high-water  hanks. 


Ko. 


Locality. 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
11 
12 
18 
14 
16 
16 
17 
IH 
19 
30 
21 
22 
23 
24 
26 
26 
27 
28 
20 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
61 
62 
63 
«4 
66 
66 
67 
68 
60 
60 
61 
62 
63 
64 
66 
66 
67 
68 


G/)le  Creek  Point 

NatoheE 

EllisCliffs 

Konth's  Point 

Mouth  of  Red  River 

4,000  feet  below* Red  River..   ..  

8.000  feet  below  Red  River 

12,000  feet  below  Red  River 

Riujcourci,  upper  end 

Raccoard,  lower  end 

Tunica  Bend 

Baton  Rouge,  Arsenal 

Baton  Rouge,  State-House 

4,000  feet  below  State- House 

8,000  feet  below  State-House 

12,000  feet  below  Stote-House 

16,000  feet  h«Iow  State-House 

20,000  feet  below  State-House • 

24,000  feet  below  State- House 

28,000  feet  below  State-House 

32,000  feet  below  State-House 

36,000  feet  below  State-House 

40, 000  feet  below  State-House 

44.000  feet  below  Stote-House 

48.000  feet  below  State-House • 

52,000  feet  below  State- House 

56,000  feet  below  Stote-House 

60,000  feet  biAow  Stote-  House 

64,000  feet  below  Stote-House 

68,000  feet  below  Stote-House 

Mouth  of  Bayou  Manchac 

4,000  feet  below  Bayou  Manchao 

8.000  feet  below  Bayou  Manchac • 

12,000  feet  below  Bayou  Manchac. . . 
16,000  feet  below  Bayou  Manchac. . . 
20,000  feet  bf low  Bayou  Manchac. . . 
24,000  feet  below  Bayou  Manchac. . . . 

Mouth  of  Plaqaemine  Bayou 

4,000  feet  below  Plaqueniine  Bayou.- 
8,000  feet  below  Plaquemine  Bayou  • 
12,000  feet  below  Plaquemine  Bayou- 
16.000  feet  below  Plaquemine  Bayou  • 
20,000  feet  below  Plaquemine  Bayoa- 
24,000  fnet  below  Plaquemine  Bayoa- 
28.000  feet  below  Plaqaemine  Bayoa. 
32,000  feet  below  Plaquemine  Bayou- 
36,000  feet  below  Plaquemine  Bayoa- 
40,000  feet  below  Plaquemine  Bayou- 
44,000  feet  below  Plaquemine  Bayou- 
48.000  feet  below  Plaquemine  Bayoa- 
52,000  feet  below  Plaquemine  Bayou  ■ 
66,000  feet  below  Plaquemine  Bayou- 

BayouGoula  

4,000  feet  below  Bayou  Goula 

8.000  feet  below  Bayou  Goala 

12,000  feet  below  Bayoa  Goala 

16,000  feet  below  Bayoa  Goula 

20, 000  feet  below  Bayou  Goula 

24,000  feet  below  Bayoa  Goula 

28,000  feet  below  Bayou  Goula 

32,000  feet  below  Bayou  Goula 

36,000  feet  below  Bayou  Goula 

40,000  feet  Iwlow  Bavou  Goula 

Opposite  Claiborne  Isle 

4,000  feet  below  Claiborne  Isle 

8,000  feet  below  Claiborne  Isle 

12.000  feet  below  Claiborne  Isle 

16,000  feet  below  Claiborne  Isle 

20,000  feet  below  Claiborne  Isle 

Ashland  plantotion 

4,000  feet  below  plantotion 

8,000  feet  below  plantotion  

12,000  feet  below  plantotion 

16,000  feet  below  plantotion 

20,000  feet  below  plantotion 

24,000  feet  below  plantotion 

28,000  feet  below  plantotion 

32,000  feet  below  plantotion 

DonaldsonviUe 

Mean  of  68  sections 


Ja.  A.  (/.. 
1883. 

1 

H.  Sc  A., 

1851. 

Remarka. 

1 

Feet. 

Feet. 

1,935 

♦2,850 

♦Locality  onoeitaiii. 

4.132 

*4,540 

•Do. 

1,935 

•3,250 

•Do. 

3.792 

3.880 

4.281 

3,500 

4.329 

3,000 

3.575 

3,700 

8,936 

8.000 

4.592 

2,400 

3.280 

2.400 

8.476 

*8.320 

•Sllet'f  report. 

8.181 

2,900 

2,657 

2.350 

2,460 

2,200 

2,681 

2,650 

2,313 

3,026 

3,313 

2,400 

2.859 

3.100 

3,509 

3,400 

3,673 

8.000 

8,313 

2,650 

0 

3,575 

8.250 

3.280 

8.400 

• 

2.674 

2,250 

2,492 

2.250 

2,771 

2,475 

2,788 

2.550 

2.624 

2.500 

2,820 

2,450 

8.903 

8.700 

3.608 

2,950 

2,558 

2,400 

2,377 

2,800 

2,460 

2.450 

3,542 

8.250 

8,845 

2.900 

2.706 

2,400 

2,132 

2,700 

2,952 

2.760 

2.689 

2,676 

2.344 

2,930 

2.066 

2,930 

3,083 

2,030 

4.296 

4,400 

8,542 

8,500 

2.591 

2,600 

2.408 

2,400 

- 

8.033 

2.850 

2.722 

2,700 

2.755 

2.450 

2.591 

2,410 

2,655 

2,800 

4.165 

3.750 

8.444 

8.260 

2,814 

2.650 

2.099 

2,660 

2.460 

2,600 

2,476 

2,260 

2,460 

2,400 

2.624 

2.500 

8,394 

8.100 

8,903 

3.500 

« 

8,986 

3,700 

2,952 

3,400 

3,066 

2.450 

2,919 

2.800 

8,181 

3,100 

2.863 

8,000 

2.682 

2.600 

2,682 

.2,550 

2,640 

8,660 

2.939 

8,600 

3.280 

8,000 

8,627 

3,000 

2,657 

2,460 

2.296 

2.600 

2,706 

2,700 

2.657 

2,600 

2,952 

8.800 

2,984 

2,886 
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In  order  to  show  the  relative  widths  to  the  eye,  curves  have  been  plotted  with  the 
widths  as  ordinates.  These  curves  follow  one  another  verv  closely  till  we  reach  No. 
€Of  ivbere  the  wide  part  of  the  river  seems  to  havetnoved  down-stream.  The  bar  on 
the  right  bank  has  moved  down-stream,  bat  a  part  of  this  seeming  discrepancy  is 
probably  due  to  the  difficulty  of  identifying  the  high-water  bank,  where  a  rise  of  a 
tew  tenths  of  a  foot  would  move  the  shore  line  back  several  hundred  feet. 

It  will  be  observed  that  at  Plaquemine  and  the  straight  reach  below,  the  river  has 
ffro  wn  narrower.  This  is  also  partially  due  to  the  difficulty  of  locating  thm  high- water 
Dank,  bat  mainly  to  the  large  batture  which  has  formed  on  the  left  bank. 

The  above  comparisons  do  not  give  any  clew  to  the  changes  below  the  high -water  line. 
It  is  evident  that  accurate  results  cannot  be  obtained  by  measuring  the  widths  at  the 
smme  identical  points  unless  they  are  very  close  together.  Where  bends,  islands,  and 
hars  are  moving  down-stream,  the  measurements  should  rather  be  in  the  same  relative 
positions. 

Comparison  of  cross-sections  below  mouth  of  Bed  Biver. 

In  accordance  with  your  instructions,  comparisons  have  been  made  with  all  avail- 
able cross-sections  of  previous  surveys  oetween  Red  River  and  Donaldsonville.  Sec- 
tions have  been  selected  from  the  surveys  of  1H83  whose  positions  are  nearly  identical 
with  those  of  former  surveys.  All  sections  compared  have  been  plotted,  and  the  re- 
sults are  appended  herewith.     (See  Plates  6,  7,  ti,  and  9.) 

From  the  survey  of  Humphreys  and  Abbot  in  1851  all  the  available  sections  have 
been  taken,  viz,  three  near  Red  River,  four  near  Baton  Rouge,  and  one  across  the 
Red  River  near  its  junction  with  the  Mississippi.  The  data  for  the  above  has  been 
taken  from  Appendix  C,  pages  571  and  572,  Humphreys  and  Abbot's  Report. 

It  will  be  observed  that  section  24,  above  the  mouth  of  Red  River,  has  remained 
practically  the  same  shape,  although  it  has  moved  bodily  to  the  west  nearly  half  a 
mile.  (See  Plates  3  and  6. )  Section  25,  Just  below  the  mouth  of  the  Red  River,  shows 
a  remarkable  change  in  the  form  of  the  section,  while  the  shape  of  the  bend  has  re- 
mained nearly  the  same.  There  are  no  other  sections  of  the  old  survey  in  this  imme- 
diate vicinity,  hence  there  is  no  means  of  verifying  the  peculiarity  of  the  change. 
The  nearest  section  below  (No.  27)  is  about  4  miles  distant,  and  here  we  find  a  decided 
deepening,  amounting  to  40  feet.  This,  however,  might  be  expected,  as  the  section 
is  immediately  below  the  cut-off,  and  the  section  of  1851  was  made  less  than  three 
years  after  the  cut-off. 

The  sections  at  the  Mississippi  mouth  of  the  Red  River  also  show  a  decided  shoal- 
ing, amounting  to  20  feet. 

The  four  sections  in  the  vicinity  of  Baton  Rouge  do  not  show  very  much  change. 
A  comparison  of  these  sections  is  given  in  the  following  table : 

Comparative  area  of  seotiona. 


Hnmber  of  H.  and 
▲.  sectioiL 


MlBsiBsippi  River  Com- 
mianon,  1883. 


Ifaximam 
depth. 


24 

25 

27 

2»...... 

nt 
• • • • M* 

S3 

M 

21 


FeeL 


55 
46 
135 
85 
94 
83 
85 


Area. 


Feet 
128,500 
137.626 
109,425 
150,750 
158, 750 
148,000 
161,875 
22,125 


H.  and  A.,  1851. 


Mazimam 
depth. 


Feet 


69 
102 
80 
89 
96 
80 
101 
53 


Area. 


Feet 
119,500 
173,250 
125,750 
151, 625 
186,250 
147, 750 
166,000 
86,875 


Locality. 


1  mile  above  Red  River. 
Red  River  Landing. 
4  mil^s  below  Red  River. 
Above  Baton  Rouge. 
Near  Convention  Station. 
600  feet  below  State-hoiiae. 
1  mile  below  State  honse. 
Month  of  Red  River. 


In  these  comparisons  the  water  surface  at  time  of  sounding  in  1883  has  heen  used  as 
the  limiting  line.  The  areas  were  measured  with  a  polar  planimeter,  the  mean  of  three 
determinations  being  used.  The  water  surface  of  1851  was  reduced  to  the  datum  plane 
of  the  later  survey,  as  follows : 

HMnpson  bench  above  mean  tide  of  Qnlf,  H.  and  A.,  1851 7.92 

Hampson  bench  above  mean  tide  of  Gulf,  M.  R.  C,  1882 7. 13 

Difference  between  the  two  values 0.79 
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On  page  107  Humphreys  and  Abbot  Report,  the  elevation  of  the  hish  water  of  1851 
above  the  Galf  is  given  as  49.5  feet.  Correctiog  this  by  0.8  foot,  the  difference  in  the 
two  determinations  of  the  Hampson  bench  above  mean  tide,  we  have.  48.7  feet  as  the 
height  of  the  water  surface  at  Red  River  Landing ;  or  56.7  feet  above  Memphis  datum 
plane,  which  is  22S  feet  below  the  high  water  of  1858  at  Memphis,  Tenn.,  or  190.84 
feet  below  the  zero  of  United  States  Engineers'  gauge  at  that  point.  It  is  8.1  feet 
above  the  mean  level  of  the  Gulf. 

No  comparison  of  the  benches  at  Red  River  or  Baton  Rouge  could  be  made.  Chief 
of  Eugineer's  Report,  1872.  page  433,  states  that  ^*no  vestige  of  the  old  United  States 
bench  remains.''  Report  of  1873,  page  522,  gives  zero  of  Baton  Rouge  gauge  as  0.90 
foot  lower  than  theDelta  Survey  gauge,  but  the  records  do  not  show  whether  gague 
has  since  been  changed  or  not.  The  comparisons,  therefore,  depend,  for  the  Delta 
Survey,  on  a  double  line  of  levels  from  Carroll  ton  to  Baton  Rouge,  and  a  single  line 
"  run  with  the  greatest  care"  from  the  latter  point  to  Red  River  Landing,  and  for 
the  survey  of  1883  on  a  line  of  **  precise  levels"  made  by  the  United  States  Coast  and 
Geodetic  Survey;  these  two  surveys  being  connected  only  at  the  lower  end,  on  what  is 
known  as  Hampson's  bench-mark.  It  is  probable  that  the  discrepancy  at  Red  River 
Landing  is  quite  small,  as  the  top  of  the  levee,  according  to  the  Delta  Survey,  is  59 
feet  above  the  Memphis  datum,  and  the  survey  of  1883  gives  it  as  58  to  59  feet  above 
same  datum. 

Sections  in  the  vicinity  of  DonaldeonvilU. 

The  next  reliable  sections  with  which  comparisons  can  be  made  are  in  the  vicinity 
of  Donaldsonville.  The  soundings  were  made  by  the  United  States  Coast  and  Geo- 
detic Survey  during  the  latter  part  of  1880  and  the  first  half  of  1881. 
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Sqi 

Mean  area  of  sections  in  1881 122, 836 

Mean  area  of  sections  in  18H3 123, 593 

Difference  of  means 757 

DeptliA  are  referred  to  the  plane  of  1883. 

Thirty-two  sections  which  are  identical  with  or  come  very  near  the  sections  of  188^ 
have  heen  plotted  and  are  shown  on  Plates  9,  10,  and  11. 

The  sections  of  the  Coast  Survey  and  Geodetic  Survey  are  copied  from  tracings  (S.  48) 
on  file  in  this  office.  The  soundings  there  shown  were  reduced  to  the  **  average  low 
water  of  the  year'*  during  which  they  were  taken.  The  stage  of  the  river  when  the 
•  soundings  were  made  was  but  a  little  below  the  high  water  of  1881.  A  comparison 
of  the  sections  is  given  in  the  above  table,  the  area  of  the  sections  being  measared 
below  the  lowest  water  surface,  or  that  given  by  the  United  Statds  Coast  and  Geodetic 
Survey  sections.  Tbe  sections  were  plotted  and  the  areas  measured  with  a  planimeter 
by  Assistant  H.  B.  Wood. 

Very  respectfully,  your  obedient  servant, 

J.  A.  OCKERSON, 

A89i8iant  Enginser. 

First  Lieut  Smith  S.  Leach, 

Secretary  Miaaissippi  Eiver  Cammiaeion, 


APPENDIX  H, 

report  of  captain  clinton  b.  8bak8,  corps  of  engineers,  united  states  armt, 

executive  officer,  department  of  construction. 

Department  of  Construction, 
Saint  Louis f  Mo,,  November  5,  1883. 

Colonel:  In  accordance  with  your  circular  letter  of  September  6,  1883,  I  have  the 
honor  to  submit  the  following  report  of  operations  performed  under  my  immediate 
supervision  as  executive  officer,  coustruction  department,  Mississippi  River  Commis- 
sion, since  the  date  of  my  last  annual  report,  which  was  brought  up  to  December  1, 
1882. 

My  office  has  been  fully  employed  during  the  past  eleven  months,  in  the  construc- 
tion of  the  floating  plant,  recommended  by  the  Commission,  and  approved  by  the 
honorable  the  Secretary  of  War,  in  its  distribution  to  the  various  works;  in  the  char- 
ter of  steamers ;  in  the  purchase  and  snpply  of  stone,  wire,  coal,  subsistence  stores, 
and  other  material  required  on  the  several  reaches ;  in  the  care  of  the  fleet  at  Cairo, 
consisting  of  coal  and  floating  plant  not  in  use ;  in  the  repair  of  boats  and  barges, 
and  in  the  management  of  the  general  service  steameis. 

The  general  system  of  purchase  and  supply  was  outlined  in  my  last  report,  and 
need  not  be  repeated  here.  This  system,  as  tnere  stated,  has  been  continued.  Special 
freight  rates  have  been  secured  from  commercial  steamers  and  from  the  railroads,  and 
shipments  have  been  made  by  one  or  the  other,  as  happened  to  be  more  favorable  at 
the  time,  whenever  the  shipment  has  been  so  small  as  not  to  justify  bringing  one  of 
onr  steamers  to  Saint  Louis.  ,  » 

During  the  winter,  when  ice  has  closed  the  river  down  to  Cairo,  supplies  have  been 
shipped  oy  rail  to  Cairo,  and  hence  by  our  steamers.  The  steamers  Mississippi  and 
Etheridge  have  been  kept  in  almost  constant  use  towing  our  barges  and  other  plant. 
In  August  the  Etheridge,  in  bringing  down  a  tow  from  Louisville,  got  aground  at 
Flint  Island  bar,  in  the  Ohio  River,  and  was,  after  some  difficulty,  pulled  off  into 
deeper  water  above  the  bar.  As  there  appeared  to  be  no  prospect  of  getting  her 
down  for  some  weeks,  owing  to  low  water,  she  was  laid  up  at  Louisville,  under 
charge  of  watchmen,  and  her  crew  transferred  to  the  steamer  Jack  Frost.  H^r  tow 
was  taken  down  by  the  Reindeer,  a  small  light-draught  boat,  chartered  temporarily 
for  the  purpose.  October  16,  the  Etheridge  reached  Cairo  in  tow  of  the  Minnetonka, 
and  was  put  in  commission  immediately.  August  7,  the  steamer  John  Dippold,  a 
powerful  boat  belonging  to  the  Mississippi  Valley  Transportation  Company,  was  char- 
tered for  the  general  service  at  $50  per  day,  for  two  weeks,  or  longer,  if  necessitry. 
She  was  kept  in  constant  use  until  October  7,  when  she  was  turned  in  to  the  owners. 
Another  large  steamer,  the  Jack  Frost,  was  chartered  for  the  general  service,  Septem- 
ber 15,  1883,  at  $50  per  day,  for  such  time  as  the  Etheridge  might  be  laid  up.  She 
was  surrendered  to  her  owners  October  16,  188!^,  and  the  same  day  the  new  tow-boat, 
Minnetonka,  was  chartered  for  three  months,  at  $60  a  day,  with  the  privilege  of  pur- 
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diMe  at  145,000,  less  charter  moDoy  paid.     At  present,  therefore,  we  have  iu  the  gen- 
eral service,  three  st-eamers,  two  belonging  to  the  United  States  and  one  chartered. 
Ihiring  the  ten  months  ending  October  31,  1883,  the   Mississippi  has  moved  489 
pieces  over  yarioas  distances,  amounting  to  one  piece  moved  113,177  miles  at  a  cost  of 
25.9  cents  per  mile.    Her  average  daily  expenses  while  doing  this  work  have  been 
$96.42;  this  includes  fuel,  pay,  and  subsistence  of  crew,  and  supplies  and  other  run- 
ning expenses,  but  does  not  include  interest  on  her  cost,  nor  the  cost  of  repairs.     She 
has  also  made  several  trips  with  the  Commission  or  the  construction  committee, 
most  of  the  running  expeuses  of  which  have  been  paid  by  the  secretary  of  the  Com- 
minion,  out  of  the  appropriation  for  Mississippi  River  Commission. 

The  Etheridge  during  the  eleven  months  has  moved  377  pieces  over  various  distances, 
amouDtiDg  to  one  piece  moved  104,861  miles,  at  a  cost  of  22  cents  per  mile.  Her  av- 
erage daily  expenses  have  been  |68.84f . 

The  Dippold,  while  under  charter,  moved  139  pieces  over  various  distances,  amount- 
ing to  one  piece  moved  37,930  miles,  at  a  cost  of  35.3  cents  per  mile.  Her  daily  ex- 
penses, including  charter,  averaged  $212.76.  Sh^  was  in  service  63  days.  The  Jack 
Frost,  while  under  charter,  moved  &^  pieces,  amounting  to  one  piece«ioved  10,359 
miles,  at  a  cost  of  49.4  cents  per  mile.  Her  daily  expeuses,  including  charter,  aver- 
aged $165.12^.  She  was  under  charter  31  days.  These  two  steamers  would  have  shown 
much  better  results,  from  an  economical  point  of  view,  had  circumstances  permitted 
us  to  haye  worked  them  up  to  their  full  capacities.  For  reasons  to  be  hereafter  ex- 
plained this  was  impracticable. 

The  Minnetonka  has  not  been  in  service  sufficiently  long  to  enable  me  to  report 
what  will  be  a  fair  average  as  to  her  daily  expenses.  She  was  bnilt  for  our  work,  and 
nothing  has  been  left  undone  by  her  owners  to  make  her  an  acceptable  boat  for  that 
purpose.  She  is  fully  equipped  in  every  respect  for  towing.  My  original  arrange- 
ment with  her  owners  was  to  charter  her  for  six  months,  but  owing  to  their  delay  in 
completing  her,  I  cut  this  down  to  three  months  with  the  privilege  of  a  renewal,  if 
needed.  Snmming  up  the  above,  I  find  that  our  general-service  steamers  have  aver- 
aged $1^.7^,  per  day  each,  as  to  running  expenses,  and  have  moved  1,074  pieces 
various  distances,  or  one  piece  266,327  miles,  at  an  average  cost  of  33.15  cents  per 
mile.  Estimating  each  piece  at  100  tons  (a  low  estimate)  will  make  the  cost  per  ton 
per  mile  one-third  cent.  Had  we  had  this  towing  done  by  commercial  steamers  it 
woald  have  cost  about  two-fifths  cent  per  ton  mile,  and  we  would  have  been  subjected 
to  many  vexatious  and  expensive  delays. 

My  steamer  captains  have  had  great  trouble  in  keeping  efficient  crews,  especially 
during  the  sickly  season.  Government  boats  pay  no  hospital  dues,  and  when  men 
■hip  on  them  they  forfeit  their  right  to  treatment  and  care  at  the  marine  hospitals, 
tiios  losing  the  benefit  of  dues  previously  paid  when  on  commercial  steamers.  The 
past  summer  and  fall  seasons  have  been  very  unhealthy  on  the  lower  river,  and  sev- 
eral times  our  boats  have  been  disabled  for  want  of  efifective  crews. 

I  would  earnestly  recommend  that  the  Commission  take  some  action  towards  secur- 
ing, either  througn  the  Treasury  Department  or  by  Congress,  some  remedy  for  this 
OTiL  It  seems  to  me  hot  proper  that  men  employed  on  United  States  civil  vessels 
should  have  the  right  to  hospital  treatment.  Practically  this  is  at  present  denied 
them,  and  whether  proper  or  not,  it  would  certainly  add  to  the  efficiency  of  our 
steamer  service  if  such  medical  aid  could  be  given. 

The  chartered  steamer  Success,  in  use  on  Lake  Providence  Reach,  was  returned  to 
her  owners  April  20,  1883,  not  having  proved  satisfactory. 

January  1,  1883,  I  chartered  the  steamer  Graham  for  six  months,  at  |15  a  day,  for 
^on  the  Memphis  Reach.  July  1  this  charter  was  extended  three  months  with  the 
privilege  of  six  months.     She  is  still  under  charter. 

January  2,  1883,  I  bought  the  steamer  Charlie  De  Pauw  for  $17,404,  she  having 
F^^  herself  a  valuable  and  efficient  boat.  She  was  kept  in  constant  use  on  Lake 
Providence  Reach  until  August,  when  she  broke  her  shaft.  She  was  sent  to  Saint 
Lonis  for  a  new  shaft  and  a  general  overhauling.  After  being  thoroughly  repaired 
^d  partly  repainted,  her  name  was  changed  to  the  Vidalia,  and  she  was  returned  to 
^0  Lake  Providence  Reach,  where  she  is  doin^  good  work. 

^pHl  9, 1883,  I  chartered  the  steamer  J.  C.  Fisner,  for  the  Lake  Providence  Reach, 
*^  117  per  day  for  six  months.  Though  her  charter  has  expired  we  still  retain  her, 
^d  expect  to  have  use  for  her  until  navigation  closes. 

June  1, 18^,  I  chartered  the  steamer  Little  Eagle  No.  2,  for  use  on  the  Plum  Point 
^ach,  for  seven  months,  at  $17.50  per  day. 

^gust  9,  1883, 1  chartered  the  steamer  Pearl,  for  use  on  Lake  Providence  Reach, 
'or  three  months,  at  $17.50  per  day. 

September  2,  1883,  I  chartered  the  steamer  Little  Andy  Fulton,  for  use  on  Lake 
Evidence  Reach,  at  $30  a  day  for  three  months. 

A  tug  and  launch  have  been  purchased  for  use  at  New  Orleans,  and  another  launch 
w  use  on  Plum  Point  Reach. 
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The  CommiasioD  has,  therefore,  the  following  steamers  in  commission : 
Belonging  to  the  United  States : 

Mississippi,  Etheridge :  Steam  tow-boats  for  g«^neral  service. 

Pete  Kims,  Itasca:  Steam  tow-boats  in  use  at  Plum  Point. 

Vidalia:  Steam  tow-boat  in  use  at  Lake  Providence. 

Mioeola:  Steam  launch  sunk  at  Plum  Point. 

Nellie:  Steam  launch  in  use  at  Lake  Providence. 

Titania:  Steam  launch  in  use  a*  Plum  Point. 

Alaska :  Steam  launch  in  use  at  New  Orleans. 

Tilda :  Steam  tug  in  use  at  New  Orleans. 
Chartered : 

Minnetonka :  Steam  tow-boat  in  general  service. 

Little  Eagle  No.  2:  Strain  tow-boat  in  use  at  Plum  Point. 

Graham :  Steam  tow-boat  in  use  at  Memphis. 

J.  C.  Fisher:  Steam  tow-boat  in  use  at  Lake  Providence. 

Pearl :  Steam  tow-boat  in  use  at  I^ake  Providence. 

Little  Andy  Fulton :  Steam  tow-boat  in  use  at  Lake  Providence. 

In  all,  eleven  steamers,  one  tug,  and  four  launches;  six  of  the  steamers  being  under 
charter. 

The  most  difficult  problem  to  solve  has  been  the  supply  of  stone  to  the  works ;  and, 
so  far,  owing  to  a  niuuber  of  circumstances  beyond  my  control,  I  have  been  unable  to 
keep  up  the  supply  in  a  manner  satisfactory  to  myself  or  to  the  district  officem.  The 
entire  absence  of  suitable  quarries  between  Cairo  and  Yazoo  River,  necessitates  the 
stone  being  brought  from  up  the  Ohio  River;  or,  from  Chester,  on  the  Mississippi 
River.  At  the  time  when  stone  is  needed  most,  navigation  is  in  the  worst  condition, 
due  to  low  water  or  running  ice  in  the  Ohio,  and  low  water  or  solid  and  running  ice 
in  the  Mississippi. 

Last  winter  the  supply  was  entirely  inadequate  to  the  demand,  owing  to  the 
danger  to  our  barges  from  the  running  ice  in  the  Ohio,  and  from  the  difficulty  in  load- 
ing barges  at  the  quarries,  due  to  bad  weather  and  sleet. 

During  the  summer  and  fall,  navigation  on  the  Ohio  River  has  been  so  bad  that  I 
have  taken  ofif  our  boats,  and  have  made  arraugements  with  the  contractor  to  receive 
and  deliver  our  barges  at  Cairo,  he  using  a  small  light- draught  boat.  It  has  also 
been  dangerous  to  load  our  barges  to  their  full  capacities^  owing  to  low  water. 

For  several  weeks  I  could  not  get  barges  up  to  the  Ohio  River  quarries  with  even 
a  small  tow-boat.  Early  in  the  low-water  season  I  arranged  to  get  stone  at  Chester, 
111.,  but  the  loading  facilities  are  limited.  Another  cause  of  failure  in  supply  has  been 
want  of  barges.  This  has  arisen  from  two  causes.  The  district  officers  of  two  dis- 
tricts have  been  pressed  for  barges,  owing  to  the  scattered  condition  of  their  parties 
and  the  long  towage  of  brush,  and  have  had  to  utilize  whatever  empty  general- serv- 
ice barges  were  at  hand.  In  this  way,  there  resulted  a  large  accumulation  of  general- 
service  barges  on  the  works,  leaving  the  qiiarrie-s  without  any  for  some  two  weeks. 

Again,  our  barges,  necessarily  built  out  of  green  timber  and  sent  down  to  a  warm 
climate  in  the  hottest  season,  soon  began  to  need  recalking,  so  that  a  number  of  barges 
have  been  unavailable,  undergoing  repair. 

After  getting  a  tow  made  up,  low  water  in  the  Mississippi  has  made  it  both  difficult 
and  dangerous  to  get  the  tow  down,  and  we  have  lost  two  barges  aud  their  loads  at 
Tiptouvnle  Bar,  aud  one  barge  and  its  load  at  Old  Hen,  just  above  Hopefield.  This 
condition  of  affairs  has  prevented  the  boats  from  being  worked  to  their  full  capacities. 
During  high  water  there  is  no  trouble  in  getting  stone  loaded  and  towed  down,  but 
this  is  the  time  when  there  is  least  demand.  In  March,  I  began  the  storing  of  stone 
on  the  bauk  at  Gold  Dusr,  but  had  accumulated  only  some  1^,000  y}^rds  when  I  had  to 
take  it  all  for  use  at  Plum  Point.  In  August  I  contracted  for  the  delivery  of  vO,000 
cubic  yards  on  the  bank  at  Arkansas  City,  for  the  use  of  the  Lake  Providence  Reach. 
Up  to  October  31  there  has  been  so  delivered  some  6,000  cubic  yards.  I  have  sent  a 
party  down  to  load  this  on  barges. 

The  only  way  to  insure  a  full  supply  of  stone  to  the  works  during  the  busiest  sea- 
son is  to  begin  in  January  of  each  year  the  accumulation  of  stone  on  the  bank  at 
two  or  more  points,  such  as  Gold  Dust  and  Arkansas  City;  this  t4»  continue  until  the 
demand  from  the  works  iucreanes  so  as  to  take  all  the  quarries  aud  towage  service  can 
supply.  The  stone  so  stored  can  then  be  taken,  from  time  to  time,  as  the  direct  supply 
fails  during  low  water.  This  method,  at  best,  is  clumsy  and  expensive,  but  I  see  no 
other  way  less  expensive  aud  equally  sure.  This  cannot  be  done,  however,  the  com- 
ing season,  unless  an  appropriation  is  made  immediately  available.  We  should  Imve 
by  August  1,  1884,  at  each  of  ihese  places,  some  20,000  yards  at  least.  Since  Novem- 
ber 30,  1882,  I  have  supplied  to  the  works  some  72,719  cubic  yards  of  stone;  459  tons 
of  galvanized  steel  wire,  and  several  hundred  tons  of  miscellaneous  freight  in  the 
shape  of  provisions,  rope,  lumber,  iron,  aud  other  supplies.  Our  contracts  require  us 
to  take  about  2H,Ii23  cubic  yards  of  stone  in  addition  to  that  already  received.  I  sub- 
mit herewith,  marked  A,  a  table  showing  the  dencription,  first  cost,  and  distribution 
of  the  floating  plant  bought  by  me  since  November  30,  1882 : 
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A  syDopsis  is  herewith  submitted,  viz : 

1  Steam  t*»w-boat $17,404  00 

1  Steam  tug 5,000  00 

1  Steam  Uunch...!. 3,000  00 

7  Mattreas-boata 40,360  00 

4  Screen-boats..^ 6,000  00 

IJ  Quarter-boats ^ 34,463  00 

134  Barges 275,127  40 

2«  Pile-drivers 142,661  76 

2  Machine-shop  boats  (balance) 9, 871  25 

1  Pnniping-boat 1,500  00 

6  Whitehall  boats 339  00 

94  skiffs 2,126  00 

Oatat  of  plant ." 17,246  28 

MiBcellaneoQs  (anchors,  hoisting-engines,  boilers,  electric-light  outfits, 

pump  and  derrick) 9,988  78 

Rope 23,114  50 

588,201  97 

Of  this  amount  $142,983.68  was  for  plant  now  in  use  for  the  general  service.  An 
itemized  statement  of  my  expenditures  from  December  1,  1882,  to  October  31,  1883, 
Meompanies  this  report,  and  is  marked  B. 

The  following  is  a  classified  statement  of  said  expenditure : 

SCHEDULE  OF  EXPENDITURES  BY  CAPTAIN  CLINTON  B.  SEARS,  EXECUTIVE  OFFICER, 
CONSTRUCTION  DEPARTMENT,  MISSISSIPPI  RIVER  COMMISSION,  ON  ACCOUNT  OF 
APPROPRIATION  FOR  IMPROVING  MISSISSIPPI  RIVER,  FROM  NOVEMBER  30,  1882,  TO 
OCTOBER  31,  1883. 

General  service. 
Office: 

Pay-roll |8,469  83 

Furaitiu-e  and  office  outfit 387  45 

SUtionery 1 371  12 

Transportation  and  traveling  expenses 1, 400  85 

Ice  and  water 79  91 

Rent  and  repairs 679  70 

Oasandfuel 170  97 

Telegraphing ^..  344  75 

MiWe 1,289  06 

Fnel  for  CapUin  Sears 160  48 

$13,354  12 

Coal  Fleet.    . 

Material  and  supplies $369  57 

PUntandoutfit 336  93 

Transportation 174  84 

Labor 16  00 

Ice 7  59 

Care  of  public  property 4, 074  00 

Repairs 30  33 

5,009  26 

^  Stone  Depot. 

Inspection  and  administration $13  50 

Material  and  supplies 338  06 

Plant  and  outfit 1,453  90 

Tran8i)ortation 14  35 

Ubor 2,681  00 

Subsistence 54  00 

4,554  81 

Steamer  Mississippi. 

Office  expensf^s $46  51 

Material  and  supplies 2, 133  99 

Fuel 33  21 

PUntandoutfit 224  17 

Transportation  and  steamer  expenses 12, 832  85 

Repairs 1,517  42 

Ubor  ..  '      694  59 

fiobsistence 5,061  36 

<-'areof  public  property 221  50 

22, 7ft')  60 

II.  Fx.  37 19 
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Steamer  Emma  Etheridge. 

Office  elpenses |65  31 

Material  aod  supplies 2»  172  00 

Plant  and  oatfit. 1,433  50 

Transportation  and  steamer  expenses '12, 952  72 

Repairs 1,003  94 

Labor 498  20 

Subsistence 3,726  74 

Care  of  public  property 207  99 

$22,0« 

Steamer  John  Dippold. 

Office  expenses $6  40 

Material  and  supplies 1, 199  20 

Fuel 3,665  60 

Repairs 14  35 

Transportation  and  steamer  expenses 6,372  65    * 

Labor 40  75 

Subsistence 1,208  60 

12,5(W 

Steamer  Jack  Frost. 

Office  expenses $12  07 

Material  and  supplies 1,739^02 

Plant  and  outat 1 19  25 

Fuel 1,131  19 

Transportation  and  steamer  expenses 3, 340  42 

Labor 10  00 

Subsistence 554  01 

6.80e 

Steamer  Reindeer. 

Material  and  supplies $3  92 

Fuel 133  50 

Labor 8  00 

Transportation  and  steamer  expenses 459  98 

Subsistence ^ 79  05 

6a 

Steamer  Mjnnbtonka. 

Office  expenses |10  21 

Material  and  supplies \ ..* 360  09 

Transportation  and  steamer  expenses 866  34 

Fuel *. 427  60 

Labor 21}  92 

Subsistence % 302  58 

1,99( 

Total  account  of  general  service 89,73S 

FOR  new  MADRID  REACH. 

Inspection  and  administration $461  07 

Officeexpenses 3  00 

Plant  and  outfit 187,195  63 

Transp(»rtatic»u 1,870  66 

Material  and  supplies 686  18 

Labor 20  00    * 

Repairs  to  plant 9  50 

Care  of  public  property 18  50 

-  190|S64 

FOR  PLUM  POINT  REACH. 

Insptrtioil  and  administration $1,383  42 

Officeexpenses ; 200  25 

Material  and  supplies 64,662  67 

FuW 1,765  26 

Plant  and  outfit  88,596  73 

Trainsporiation 5,674  28 

Repairs  to  plant 6,989  03 

Labor 401  49 

Subsistence 32,191  86 

Care  of  public  property 622  00 

202,486 
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VOR  MEMPHIS  REACH. 

iDspectioD  and  administration $1,250  16 

Officeexpenses 2  00 

Material  and  supplies 12,956  21 

Plant  and  outfit 121,791  54 

Traosportation 5,712  24 

Repairs  to  plant 407  45 

Labor •. 115  50 

SobeiBtenco 1, 277  92 

Care  of  public  property 260  65 

1143, 773  67 

FOR  LAKE  PROVIDENCE  REACH. 

Inspection  and  administration $1, 934  49 

Officeexpenses 13  10 

Material  and  supplies 35, 855  35 

Fnel 844  00 

Plant  and  outfit '. 144.152  84 

Transportation 13,064  08 

Bepairs  to  plant 2,7:M  68 

Ubor 432  54 

Sobsistenc^ :  27,2r>7  94 

Care  uf  public  property 586  46 

226,875  48 

Total  account  on  improving  Mississippi  River 853, 133  57 

SCHIDULE  OP  EXPENDITURES  ON  ACCOUNT  OF  APPROPRIATION  FOR  IMPROVING  HAB- 
BOR  AT  NEW  ORLEANS,  LA.,  FROM  NOVEMBER  30,  1882,  TO  OCTOBER  31,  1883. 

loApection  and  administration |299  67 

Office  expenses 10  00 

Material  and  supplies 3,290  03 

Plant  and  outfit 24,460  97 

transportation 677  50 

Kepairs  to  plant 159  30 

Labor 168  97 

Snbsistence 497  45 

Care  of  public  property....^ 6  00 

i9, 569  89 

•CMBDULE    of    expenditures    on    ACCOUNT    OF    APPROPRIATION    FOR    IMPROVINQ 
MOUTH  OF  RED  RIVER,  LOUISIANA,  FROM  NOVEMBER  30,  1882,  TO  OCTOBER  31, 1883. 

Officeexpenses $l<»  00 

Material  and  supplies : V77  15 

Fuel 614  62 

Plant  and  outfit 4,524  00 

Labor •-  56  37 

Sabsistence 910  60 

^transportation 26  00 

Careof  public  property 10  00 

6, 428  74 

CLASSIFIED  SUMMARY. 

Expended  for : 

Plant  and  outfit $574,169  46 

MaWial  and  supplies 126,04:<  44 

Subsistence 73,122  11 

Transport  at  ion 65,439  76 

Repairs  to  plant 12,866  00 

Fuel  and  gas 8,946  43 

Office  expenftes  (including  pay-rolls) b,  84H  68 

Care  of  public  property 6, 007  10 

Inspection  and  administration ' 5, 342  31 

Labor 5,167  :« 

Mileage 1,V89  06 

Rent  and  repairs 679  70 

Furniture  and  office  outfit 3K7  45 

Stationery 371  12 

Telegraphing 344  75 

Iceand  water 87  50 

689,132  20 


292 


REPORT   OF   THE    MISSISSIPPI   RIVER   COMMISSION 


OENKRAL  SUMMARY. 

Improving  harbor  at  New  OrlenDs,  La $29, 569  89 

For  improving  month  of  Red  River,  Louisiana 6, 428  74 

For  New  Madrid  Reach 190,264  54 

For  New  Madrid  Reach,  proportion  of  general  service 4, 60r>  84 

For  Plum  Point  Reach 202,486  99 

For  Plum  Point  Reach,  proportion  of  general  service 38, 144  57 

For  Memphis  Reach 143,773  67 

For  Memphis  Reach,  proportion  of  general  service 8, 837  91 

For  Lake  Providence  Reach 226,875  48 

For  Lake  Providence  Reach,  proportion  of  general  service..  38, 144  57 


$35,998  6 
194,870  3 
240,631  5 
152,611  5 

265,020  0 

889,132  2 

The  above  amount,  $89,732.89,  for  the  general  service,  has  been  divided  up  amon 
the  several  aUotments,  as  shown  in  the  general  summary.  Whenever  an  expenditur 
has  been  spccificaLly  for  any  particular  reach,  it  has,  of  coarse,  been  char^^t  d  to  tfaa 
reach.  There  have  been,  however,  large  expenditures  which  it  has  been  impossibh 
without  complicating  liccounts  very  seriously,  to  definitely  assijo^n  to  any  particula 
allotment.  These  I  have  divided  among  the  several  allotments  in  proportion  to  thei 
respective  amounts,  duly  considering  the  service  each  reach  has  received. 

When  towing  for  RedRiver  and  New  Orleans  has  been  done  by  the  general  servic 
steamers,  the  necessary  expense  has  been  met  by  assigning  sufficient  of  the  vouchei 
of  said  steamers  for  payment  by  these  appropriations.  This  method  of.  dividing  tb 
general  service  expenses  is  inaccurate,  clumsy,  and  unsatisfactory,  and  makes  m 
accounts  very  complicat-ed.  I  would  recommend,  therefore,  that  if  another  appropri 
ation  be  given,  a  special  allutment  be  made  for  the  general  service,  with  authorit 
for  me  to  draw  on  the  several  allotments  for  such  amounts  as  cover  specific  expend! 
tnres  for  the  corresponding  reaches.  I  would  further  recommend  that  the  officer  h 
charge  of  the  fourth  district  purchase  all  his  own  supplies  except  sach  as  he  may  fin* 
convenient  to  have  me  buy  and  ship,  as  stone  and  coal.  New  Orleans  is  a  better  mai 
ket  for  this  district  than  Saint  Louis. 

I  summit  the  following  financial  statement  of  all  funds  expeuded  under  the  contro 
of  the  Mississippi  River  Commission  to  November  1,  1883. 

Financial  Statement. 

(July  1,  1882,  to  October  31,  1883.) 

NEW  MADRID  REACH. 


Drawn  from  Treasary. 
Expended 


Balances  in  hand,  available  November  1, 1883. 


By  CapUin 
Sears. 


$207. 000  00 
204,572  16 


2,427  84 


By  Captain 


jyuapti 
Knight 


$5,500  00 
4,498  95 


1, 001  05 


Total. 


$212,500  « 
209. 071  1 


8,438  8 


All  the  allotment,  viz,  $212,500,  has  been  drawn. 

PLUM  POINT  BEACH. 


Balances  on  hand  from  previous  appropriation,  fiscal 

year endingJune 30, 1882 

Drawn  from  Treasury  of  current  appropriation 

Total  to  be  accounted  for 

E  xpended 

Balances  in  hand 


By  Captain 
Sears. 


$10,232  11 
314, 000  00 


324.232  11 
298, 866  96 


25.365  15 


ByCaptain 
Knight. 


$12. 424  90 
635, 000  00 


647,  424  90 
561,917  16 


85, 507  74 


Total. 


$22,657  C 
949,000  C 


971, 657  C 
860.784  1 


110. 872  C 
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Allotment  from  current  appropriation f  1, 000, 000  00 

Drawn  from  Treasury 949,000  00 


Balance  in  Treasury 

Balance  in  bands  of  disbursing  officers. 


Available,  November  1,  1883 

MEMPHIS  REACH  AND  HABBOK. 


51,000  00 
no;  872  89 

160,872  89 


By  Captain 
Sears. 


By  Major 
Miller. 


Drawn  from  ^Treasury,  8lc. 
Xxpended , 


$167. 000  00 
162, 379  64 


Balances  in  hand 


4,020  36 


$125. 000  00 
105, 8b0  00 

19. 110  00 


ToUl. 


$292,000  00 
268, 269  64 

23, 730  86 


Allotment  from  current  appropriation $325, 000  00 

Drawn 292,000  00 


Balance  in  Treasury 33,000  00 

Balance  in  bands  of  disbursing  officers 23, 730  36 

ATailable  November  1,  1883 - 56,730  36 


SURVEY  OF  HELENA  REACH. 

Drawn  by  Major  Miller $8,000  00 

Expended  by  Major  Miller 7,511  29 


Balance  available  November  1,  1883 

All  the  allotment,  viz,  $8,000,  has  been  drawn. 

LAKE  PROVIDENCE  REACH. 


4^8  71 


By  Captain 
Sears. 

By  Captain 
Marshall. 

Total. 

Bahnm  on  hand  firom  appropriatioD  for  fiscal  year 
«>din£  Jane  30. 1882 -^ 

$10, 282  11 
354,000  00 

$8,341  74 
450,000  00 

$13,573  86 

mwn  from  Treaaary  of  cnrrent  appropriation 

813, 000  00 

I»til  to  be  accounted  for 

364,232  11 
350, 581  83 

462,341  74 
447, 714  59 

826, 573  86 

Ixpcoded '....'... 

807,245  92 

Balances  in  hand 

4, 700  78 

14, 627  15 

19,327  96 

Allotment  from  current  appropriation $950,000  00 

I>»wn 813,000  00 

Balance  in  Treasury 137,000  00 

Balance  in  hands  of  disbursing  officers 19,327  93 

Available  November  1,  1883 156,327  93 


^  VICKSBURG  HARBOR. 

Drawn  by  Captain  Marshall $50,000  00 

Expended  by  Captain  Marshall 44,522  40 

Btlince  in  hand 5,477  60 

AUotment  from  current  appropriation 100,000  00 

D»wu 50,000  00 

Btlance  in  Treasnrv 50,000  00 

Bilancein  hand 5,477  60 

Atailable  November  1,  1883 55,477  60 
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NEW  OBLBANS  HASBOB. 


BalABce  in  Treaaaiy  July  1, 1682,  fromprerioas  appro- 
iation. 
riicea  in  hand  July  1,1882 


priation 
BaAa: 


Mix 

Total  to  be  aoooonted  for 

mawn  from  Treaaory 

Bxpended 


Balances  in  band. 


By  Captain 
Seara. 


$38,000  00 
29,560  80 


By  Hi^or  Stick- 
ney. 


$8. 2«7  01 


3,267  91 


3. 267  01 
8,845  01 


8,430  11 


5,577  10 


Total 


$144,515 
3.287 


147, 7» 


41.201 
.   38.414 


2,8S: 


Available  July  1,  1882 
Drawn 


♦147, 793 
4L2ei 


Balance  in  Treasury 106,525 

Balance  in  hands  of  disbursing  officers 2,8&^ 

Available  November  1,  1883 109,37^ 


SAINT  FRANCIS  FRONT,  FIRST  DISTRICT. 

Drawn  by  Captain  Knight |5,0CK 

Expended  by  Captain  Knight 3,3XS 


Balance  available  November  1,  1883 

All  the  allotment,  viz,  $5,000,  has  been  drawn. 


1,68^ 


SAINT  FRANCIS  FRONT,  SECOND  DISTRICT. 

Drawn  by  Major  Miller $4,000 

Expended  by  Major  Miller 3,212 


Balance  available  November  1,  1883 

All  the  allotment,  viz,  $4,000,  has  been  drawn. 


787 


MOITTH  OF  RED  RIVEB. 


By  Cnptain 
MiUer. 

By  Captain 
Sears. 

By  Ki^or  Stick- 
ney. 

Total 

Drawn  from  the  Treaaory  ftom  pre- 

▼iouH  appropriations. 
Bxpendea 

$15.812  40 
7,658  46 

$7,000  00 
6,428  74 

$15, 000  00 
37,883  46 

$37, 812 
51,970 

Balances  in  hand 

♦8.163  04 

571  26 

—22.883  46 

—14, 158 

♦Transferred  to  Mf^or  Stiokney.  September  30, 1882. 

Available  June  30,  1882 $90,812 

Drawn 37,812 


Balance  in  Treasury 53,000 

Balance  in  hands  of  disbursing  officers — 14, 158 


Available  November  1, 1883 38,841 
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NATCHEZ  AND  VIDALIA. 


.  By  Captain 
MUler. 

ByMi^orSUck. 
ney. 

TotaL 

t 

ATiibbld  (TaiM  80, 1882,  from  former  appropriations. . 

• 

$8,252  04 
722  95 

88.252  04 

MsgmM r.'. .  .*. 

$2, 197  67 

2,920  62 

BaltBoe  available  November  1.1883 

*7, 529  09 

—2, 197  87 

5.331  42 

*Tranaferred  to  H%jor  Stiokney,  September  9, 1882. 


OBSERVATIONS  AT  CARROLLTON,   LA. 

The  allotmenl  of  $3,000  from  the  appropriatloD  for  improving  Mississippi  Riyer  has 
drawn  and  expended  by  M^or  Stiokney.  The  observations  are  now  being  car- 
on  with  an  allotment  from  the  appropriation  for  Mississippi  River  Commission.  * 

SURVEY  OF  UNLEVEED  FRONTS  IN  THIRD  DISTRICT. 

wnbyCaptain  Marshall $1,000  00 

pendedby  Captain  Marshall 496  96 


Balance  available  November  1,  1883 

JQl  the  allotment,  viz :  $1,000,  has  been  drawn. 


503  04 


SURVEY  OF  UNLEVEED  FRONTS  IN  FOURTH  DISTRICT. 

Allotment $1,000  00 

Kone  of  which  has  been  drawn  or  expended. 


SURVEY  OF  CUBITT'S  GAP. 


l)rawn  by  Major  Stickney . . . 
Expended  by  Major  Stickney 


$300  00 
137  14 


162  86 


Balance  available  Novemlier  1,  1883 

Ill  the  allotment,  viz  :  $300,  has  been  drawn. 

DELTA  POINT,  LOUISIANA. 

BiUoce  from  another  appropriation $25,770  13 

^tment  from  appropriation  for  improving  Mississippi  River 50, 000  00 

Available  June  30,  1882 75,770  13 

Mpended  by  Captain  Marshall 75,762  49 


Balance  on  hand  . 
This  work  ia  finished. 


7  64 


CHOCTAW  BEND  SURVEY. 


2»wn  by  Captain  Marshall $2,700  00 

expended  by  Captain  Marshall 2,679  86 


Balance  in  hand . 


20  14 


Allotment  from  current  appropriation 4,000  00 

*>nkwn 2,700  00 


Balance  in  Treasury 
Balance  in  hand 


1,300  00 
20  14 


Arailable  for  transfer  to  other  works 1,320  14 

This  survey  has  been  completed. 
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BONNET  CARRE  CREVASBB. 

All  of  the  allotment,  viz :  $15,000,  ba8  been  drawn  and  expended  by  Major  { 

LEVEES,   SECOND  DISTRICT. 

Yazoo  Front. 

Drawn  by  Major  Miller |l 

Expended  by  M^jor  Miller 

Balance  available  November  1,  1883 

AU  the  allotment,  viz :  $80,950,  has  been  drawn. 

THIRD  DISTRICT. 

Tenaaa  Front, 

Drawn  by  Captain  Marshall $31 

Expended  by  Captain  Marshall $2! 

Balance  in  hand ', 

Allotment  from  current  appropriation 3- 

Drawn 3: 

Balance  in  Treasury 1 

Balance  in  hand 

Available  November  1,  1883 i 

Yazoo  Front, 

Drawn  b/  Captain  Marshall $31 

Expended  by  Captain  Marshall 3 

Balance  available  November  1, 1883 

All  the  allotment,  viz,  $334,050  has  been  drawn. 

FOURTH  DISTRICT. 

AtcKafalaya  Front, 

Drawn  by  Major  Stickney $1 

Expended  by  M%Jor  Stickney 1 

Balance  in  hand — 

Allotment 1 

Drawn 1 

Balance  in  Treasury 

Balance  in  hand — 

Available  November  1,  1883 

TeMOs  Front, 

Drawn  by  Major  Stickney $4 

Expended  by  Major  Stickney 2 

Balance  available  November  1, 1883 1 


All  the  allotment,  viz,  $426,160,  has  been  drawn. 

Total  levee  allotmenta,  including  Bonnet  Carre  Crevasse 1,2 

Drawn li^ 


Balance  in  Treasury 

Balance  in  hands  of  disbursing  officers S 

Available  November  1,  1883 2 
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SUMMARY. 

Total  allotments |3, 978, 800  00 

Unallotted  and  in  Treasury , 144,200  00 

Unallotted  and  in  hands  of  Captain  Sears,  from  sale  of  fuel  to  himself.  126  00 

Total  appropriation 4,123,126  OO 

Balances  from  last  appropriation 36, 230  86 

Balances  from  otLer  appropriations 272,628  38 

Total 4,431,985  24 

Accounted  for  as  follows: 

InU.  S.  Treasury,  not' drawn 607,025  90 

Expended 3,433,716  04 

In  hands  of  disbarsiuK  officers 391,243  30 

Total 4,431,985  24 

Total  available  November  1,  1883,  for  works  carried  on  under  the  Mis- 
sissippi River  Commission 998,269  20 

The  ipreater  portion  of  this  available  balance  will  be  exhausted  by  January  1,  1884. 
The  larffe  amount  of  public  property  to  be  taken  care  ofl  and  the  uncertainty  con- 
cerning the  time  when  another  appropriation  will  be  made,  makes  it  desirable  to  re- 
serve sufficient  funds  to  amply  provide  for  such  care  of  property.  I  would,  therefore, 
recommend  to  the  Commission  that  the  work  on  the  several  reaches  be  brouffht  to  a 
close  at  an  early  date,  and  the  forces  be  reduced  to  the  lowest  point  compatible  with 
the  proper  protection  of  the  works,  the  care  of  public  property,  and  the  settlement 
of  account's. 

All  of  which  is  respectfully  subn(iitted. 

CLINTON  B.  SEARS, 
Captain,  Engineers,  U,  S.  A,, 
Executive  Officer,  Construction  Dep^t,  M,  B,  C. 
Lieut.  Col.  C.  B.  Comstock, 

Corps  of  Engineers,  U,  8,  A,,  ^, 

President  Mississippi  River  Commission, 


REPOBT  OP  THE  MISSISSIPPI   BITEB  COMMISSION. 


i     i 


IJI 


11 


i^i 


1 1  fill 

I  R  III3I 


111 


S3SSS£3S3SSS3SSiSSS333SSS    S    S    SSSSS33 


II 

Ull 


"111 


g§§2 


"3"i32a— 'as" 


S5Si     II 


11  1 

e  £ 

Us 


5  ^- , 

■  1     14=111 


asasa  a|-aaa 
111 


BEPORT   OF  THE   IHSSISSIPPI   BIVEB  COMMISSION. 


299 


s 

« 


lie 


fi  8l  s  a  s 
-^  '-.si 


«« 
'•N 


Set5    oSS     SSS     SS|    9e^SS 


e« 


co^ 


fH 


s  ss 

s  ii 

^4 

CO 


>0» 

109 


•"leiM     «»Ht- 


ft 

a 


a 

*!« 

a 

€ 

3 


o 


«3 


II 


&s 


S.       iJ 

a     .b 

B  9 


o  o  o 


S 


• 
a 


300 


REPORT   OF   THE   MISSISSIPPI    RIVER   COMMISSION. 


l»?ox 


« 

^ 


'8J«9§ 

a  0  '^d'o  -loj  I9I1J 


•d3«»nH 


C5 


a 

o 

8 

1 

a 

e 

"S. 

a 

I 


-sanM^oiox 


*[onj  pira  M{) 


o 


X         O      t3 


0 

H 

N       ■ 

<j  o 

z 


'ai^ndoj  pue  "jaaH 


•jO)«Ai  pan  901 


*«9«a9dxo  SimoAVJi 
pa«  aopv)joafla«JX 


s 


■Xj9ao}!(«)S 


*;g)no  pmaitiffainj 


•nai-^«J 


a 

I 


10 


s 


o 
3 


g 


CO 


s 

o 


s 


s 


OS  S 


S 


eo      o 


CO 


o 


M 
o 


es  a 


o 
o 

s 


V 


i 


lA 


s; 


CO 


o 


"S 


3  > 

I'd 


S 


o 


3 


s 

00 


s 


10 


3 


*  joqamn  loqonoA 


$! 


mi 


I CN  64  C4  04  CO  CO  eo  CO  i-^ 


;ss5f^' 


••»«a 


»»fHkO^ 


o 
eo 


r-t  f-1  r-t  C4  C)  34  ^ 


»^f-t  r-»  00  f^e^i 


IS 

p 


REPORT    OF   THE   MISSISSIPPI    RIVER   COMMISSION. 


301 


s 


s 


8 
9 


S 


3 


S 


s 


e« 


s 
s 


s 


s 


to 

s 


8 


04 


s 


•o 


s 

8 


S 


s 
& 


s 

CO 


s 


s 


s 


9 


s 


s 


s 


s 
6 


s 


s 


coco 


s 


3S 


s 
s 


s 


s 

9 


s 

§ 


s 
s 


••-5cog-.«M«^gt-wj25:;5JS«^«^«'«'«-'SS«;5SSSSSS§a^^***'^**^«§SS55gS'^*' 


(>4 


a* 


302 


BEPOBT   OF  THE  MISSISSIPPI   EIVER   COMMISSION. 


p 
a 

•*» 
a 
o 

1 


M 


CO 


•8 


1 

>e9 

ig 

j 

'•"•*• 

^•*»nw 

is 

'(0 

•  f-1 

'— 

'8 

[-- 

tonuSoiex 

1  77 
15  00 

:  i ;  ;s 

i    •   I   .'a 

TWij  pn«  wo 

la 

s 

:  :  i^  ; 

-•x|«doi  pm  9II9H 

1 

:  is  :  • 
;  is  :  : 

*j9|«ii  pm  001 

8 

is 
:<0 

*«Miiadzo  8in[0A«i) 
pm  aopv^ioasaux 

:S 

o 

•Xjoiiof)«98 

$0  60 
2  60 

•O     < 
CO 

S  i 

C9 

191^0  pov  ojimvin^ 

S  ' 

8: 

1 

f-1  < 

S  i 

00 

^  i 

SSS  i  :  : 

Tioi-^M 

S 
1 

• 

s 

5 

i 

1 

1 

c 

1 
J 

> 
J 

• 

il 

1  • 
< 

1 

1 

'l 

is 

'  c 

;  c 

»  s* 

IN 

> 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 
1 

1 

p 
1 
» 

■ 
1 

1 
1 

1 

'j 

Is 

:l 

•  c 

IJ 

> 
> 

> 

r- 

1 
1 

i^ 

.  < 

•  c 

t 

i 
QC 

iJ 

li 

i 

c 

» 
» 
1 

1 

is 
c 

i 

is 

:  0 

i; 

» 

> 

!  c 

J 
11 

0 

1 

il 

I 

■  ••i 

■  a 
.  b 

'.£ 

!i 

1  c 

^■3 

1 

1 

1 
1 

1 
1 

1 

« 

1           1 

i 

:: 

•• 

! 

-1 

• 
0  ■ 

1 

o 

Wheels 

Gas  

*ioqania  jaqonoA 

•9V9a 

« 

i 

)0 

1^ 

•  t- 

4<- 

4e< 

iS 

!S 

iS 

1  ^ 
< 

p 

) 

i 

> 

ii« 

it 

* 

c 
c 

> 

i 
i 

is 

ig 

\^ 

i*" 

•  t- 

'S 

l«M 

iiH 

*Hco»a 

REPORT    OF   THE    MISSISSIPPI   RIVER   COMMISSION. 


305 


«• 


Sss;a«'"gs'^-^««2«5:aas5as^^s"'^'^«s55ss88««««a8a8'^'-«aa8835a 


0 
< 


I 


O 

O 


304 


REPORT   OF   THE   MISSISSIPPI   RIVEB   COMMISSION. 


-2 

d 

a 

:c 

a 
o 

t 


IS 

o 


CO 


I 

? 
4! 

S 

r 


•8 

E 


I 

s 

g 

I 

p 


Tnox 


'UVOg 


•olhianK 


tanM99i9x 


lonj  pm  e«o 


*upidoi  pm  9119^ 


'i»^«ii  pm  901 


'89«IX9dX9  8lin9A«X^ 

pm  noj^vjaodsmjx 


*^i9ao[^«^8 


•)^no  pm  9xii)fiLin J 


eo 
of 


8 


S 


2 


S 


OfHM 


•noi-iC«j 


I 

H 

O 

u 

o 


I 


bc 


e  o 


CI 


^ 


2  ?'0'*  a 


3 


s 


3 


^1 


I 


*i9qainn  wqono^ 


So  aoS  A  A  O  ^^ 


*©»«a 


a 


MMCt 


^§^§$ 


o 
O 


EEPORT   OF   THE   MISSISSIPPI   BIVEE   COMMISSION. 


305 


1 

G 

C 
C 

a 

1 


Tn«x 


-daid  SnqiMl  JO  9X9Q 


-»9ii9^t|«qng 


'oopoax^viioo 
pm  iinqd  no  ooq^ri 


I 


^ 
V 


V 


I 


*BX|«d9X 


pov  iio||«9aod0injx 


•|wqd  JO  »too 


ZJ 


•pnj 


§3S 


'•»{|ddat  tnoomx 
•fvovfa  pn  ivu9)«K 


tcoo 


*f0fO«dZ9  93Q0 


*vof|ood«in 


M 


e 


-3 

a 


•o 


8IHM 
COrt 


a 


-a 


sss 


as^  a 


s 
9 


s 

9 


'1 

■  ee 


8S 


s 


tt  C  (3  Z     ee     eS  fi  cs  B  S  p 


s 


s 


s 


s 


8 


s 

ee 


SSo 


s 

fH 

s 


8 


S 


s 
s 


8) 


.•qmniraoiianoA     .    sSSlls     'Sm'g8S|5S§|gnS58gg§S8sSS'^ 


H.  Ex.  37 'JO 


.M^oo   e«  c- iQ  ^ ''•A^^  r*  qo  00  •-«  eo  ^  a^  «o  A  o  o  tA  •-<  S4  00  M  iv  o  9  €4 


2  3 

'*  58 


6u  "-J  *  2 


^  S 


306 


REPORT   OF   THE   MISSISSIPPI    RIVER   COMMISSION. 


0 

0 

fl 

O 

I 


'^^ 

J 


CO 

I 

3 


I  i 


i^ 


I 

e 

s 


4 


mox 


t 


•doid  onqnd  JO  oj«3 


S 


m 


'oooo^vftqas 


So 


3 


*vo|^iu|taoo 
pmi  ^oiqd  no  loq^rj 


is  :  is  :    S 


•ftz|«d0H 


3 


pm  vof|«;jod«inuj; 


:SS  :So 


•jwnd  JO  ^000 


lonj 


'M|I<ldn»  ffnoouvi 
•|oo«|a  pn  I«{J»|«H 


>iO 


90100 


*iio|)Oodra) 
pm  vop^vj^VfiifnypY^ 


I 

I 

I 


-jeqvroa  JoqonoA 


asS5ass8gS8r"3 


P 

i 

00 


•       t       • 

805*00* 

90  00 

S  :  : 

to    •    t 

iSS 

•  •ooo 

•       t       •  ' 

•Js- 

111' 

si; 

Mr*  OB 

«-<  w-<^C<liO 


I 


REPORT    OF    THE   MISSISSIPPI    RIVER   COMMISSION. 


307 


ss 


s 


s 


s 


9 

»    © 


s 


s 


s 


00 


& 

s 


s 


§ 


S 
2 


S 


s 


s 


s 


CO 


MM 


e 
H 


;:aS; 


32g«^s5g2588 


O 


C9 


•HOO 


2 


S 


s 


s 


-a 

■c 
a 

a 


S 


a 
S 


S 


^ 

s 


5S 


M  is 


8 

s 


SoSS 


09 

5 


3 

TO 


J2 


I 


SS 


2 

Pi 

a 


8 


e« 


s 


•Sgi  :Ja    g : 


§§S2ttSSSS    32 


'I 


<ot« 


3gsa^«j;r;s8*-«  .•-»- 


« 


"I 


308 


REPORT   OF   THE    MISSISSIPPI    RIVER   COMMISSION. 


d 

a 
•»« 

■♦- 

c 

O 

I 

1 


^ 


Tnox 


•doid  onqnd  JO  9JV3 


*»oa9)8)tqn9 


I 


d 


a 

e 

0U 


s 


'ao)i3iu)8noo 
pmi  ^mid  ao  joqv^ 


'•j)«d»H 


pov  aopvijodtavix 


•^wqd  JO  |»oo 


I  SI 


H 
H 
09 


1. 


I 


'89|iddne  enooavi 
•\9M{m  pm  [«)J99«K 


*ta«aadx9  9390 


'ao|)3»d«a) 
pm  aon«i)8ia)oipY 


I 


2 

M 


■i^».aa«v«0A  I    ^ssss  IgsBSSISagSgSSSSSgggggsigli 


e»t«-e»e»»H     « 


;;  .?jS^8co'^«"«««25:22g?J?5S"«"S-=^«'^ 


•»j»a 


-I 


2  c 


CB 


SEPOET    OF   THE    MISSISSIPPI    RIVES   COMMISSION. 


309 


sil2«il 


bcBg  «'3T3  2'e'<|  a 


*  CO  CO  CO  CQ  ( 


liii 


;5S?S« 


iCO 


-*«•-«  ^MCMc^CM  f-<  1-1  .^ •- »H  »H « c5  N eo CO  eo 


< 


310 


REPORT    OF    THE    MISSISSIPPI    RIVER    COMMISSION. 


•o 
V 

p 


s 
c 

O 

i 

3 


^ 


•l«Jol 


-dojd  .iiiqnd  jo  .vu^") 


aaujiKisqiisj 


'QOfpui^uno.) 
poB  ^a«id  ao  jo<iwi 


(0 


5 


o 


•«aiKd.»a  !        S 


pav  aoH«)jodNucjx 


9 


•^u«id  JO  jHoo 


M 

I 


•pnj 


'saiiddufl  Bnoaaui     | 


*«9tiaadx9  doitJO 


pav  aoi|VJ)S|aiuipY 


S 


s 
a. 

M 

« 

hi 

C 


o 

O 


o 


o 

CI 


o 


5 

s 


as. 

•J  CO 


CO 

(0 

CO 


el 

s 


o  Ok  (0  S 


s 


o 
u 

p 


X 

!>• 
CO 
94 


o  *n 


s 


OiA 


o  -< 


oeo 


imp. 


o» 


c« 


o 


^ 
& 


oso 

CM  Oft 

t«o 


s 


\n  o 


,2; •St*  ^ 


o 


go 


-3 

<a 

a 


s 

a 
SI 


f  0  3 


:  CC  Pm  M  Ai  QC  QQ  H  iJ  1-^  Ph  ^4  CO  09 


'jaqinna  laqoDO^  I 


•«^«a 


iC49i»ieic4^C4?jcomci9e>3CoeQcocoeQeQe>9eoc>3CQm^ 


i 


ifMom^oaoMctf^tntAioot^aoaooAAaQooo-ioccoiAtn 


«Dt9t«  AM 


==1 


d 


3 


9 

a 

0 


0 


REPORT    OF    THE    MISSISSIPPI    RIVER    COMMISSION. 


311 


•0 


lO 


a»«D 
am 


3S 


'a 

1 

s 

s 


s 
•^ 


e 


s 


OQ 


.3 

s 

et 

a 

a 

el 

.  ««  o 


2-3 


o 

CI 


o 


C4 


o 

a 


9 


04(8    *<I®0cI<B-Sb 


S 


en  ■^ 


O  ^H  >H 


00 


00 


s 


t^  to  (O  00 

eo      t-4t-4 


ON 

oei 


tn  o 

C4IA 

eo«o 


S9 

CIO 


8 


•A 


m 


o 


s 
s 


CD 
00 


S8 


S 


3 
S 


S 


00lOt> 


00 


i 


ft 


.M  f4  iM  f4  iM ..« .M  N  c«  N  N  cS  e^  ci  M  ?i  C4  CQ  eq  2q  eq  m  2iS  M  H  M  <Q  ra  9>  m  m  i-i  «^  »>•  «^  ^  «  •» 


Mn 


=2aaaRa««^s''"«^us5a^*888"«^««^s2gssa5;j:^^^s8S8'^*'*s8aa888 


0 


& 
^ 


312 


BEPOST   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


T%ox 


■s 

0 

0 
O 

'C 


o 


•dojd  Of iqnd  jo  9j«3 


-»oiioi0;«(ing 


-aof)oai')Baoo 
pm  ^inid  no  Joqv^ 


S 


-UT«d»s 


S 

o 


*990aodx9  loono^t 
pm  aon«VO<lra«ix 


%vtwid  JO  j»oo 


1911J 


'•ofl^Idns  rooonv] 
•fooafoi  pm  f«iJ9|«H 


'Mflaodzo  90|go 


'aof^oodvu] 
pm  iio|!)«j^»ia|ijpy 


I 


f>4 


S3S 


I 

s 


s 


rf 


s 

o 


s 

s 


.a 

ac 

1 


s 


c« 


lO 


s 


pa 


s 


s 


s 


e8  O  «  «  ^t».  S,  3 


^ 

s 


pi 

H 

CO 


'joqoina  joqono^ 


SS3SSSS2 


•«>«a 


^S 


C 


ic  «0  «  06  a»  o 

NNW  W  M  C«l 


S3SS 


s 

CO 


s 


9 


I 

0 

s 

ill 


8 


to 


&  S  3 

»   -^   «o 


I 

§ 


(4 


I 


5  r'' 


a 


Ml 


>3o 


acMraeoeo 


«ot*o«oeoe 


r-N 


ssss 


C««9e90«^ 


=  s 


REPORT    OF   THE   MISSISSIPPI   RIVEB   COMMISSION. 


313 


6 
§ 


s 
9 


83 


S3 


S 


u 


s 


s 


s 


s 


0» 


sss 


ss 

S8 


s 


ei 


8SS 


8SS 


s 


3 

C9 


C4 


SS 


o 

CO 


s 


3 

a 


s 


Jgco 


s 

CQ 


s 


833 
558^ 


88 

•0  00 


8^8 


3 


8 


1 


ij 


:z  All 


a 

2 
o 

E  ^ 

-   a 

« 


p. 
p. 

0 
OQ 


i  ?J 


5 

05 


5 

S 
9 


^ 


«  3 


g 

i 

,    ,£  e8  a  <B 


P 
Ss 

©  o  g^  S  o 


•  pScui 


45  si 


s 
-s 


ri 

I' 

a"" 


& 


S 


|li115|s|iii|l| 


n 


*'^*^SS    S     S^  (*"^  ^  ^M^'^i'' *<)e^'AiAO  t«0  QO— O?40D  t«  t- Q  O  O  O  O  O  O     CQ     t«a»A 

eoco   PS    nr^^wfm^w^^n  ^r-«i-4f-H<-4^C4cacMC«Me9cic4cc.'ocoeococom 


C4< 


S 


a 


312 


BEPOKT   OF   THE   MISSISSIPPI   BIVES   COMMISSION. 


•8 

0 
0 

•♦» 

0 
O 


2 


CO 

5 


T10X 


•dojd  onqnd  jo  ojvq 


-»oiioi0f«qng 


pm  ^inid  no  Joqv^ 


S 


MT»d»a 


s 

o 

9^ 


*99faodx9  lovonM^ 
pm  aon«VO<l*n«ix 


'^a«ld  JO  yaoQ  1 


lonj 


'•ofl^Idns  flrnooov] 
•fooafoi  pm  f«|J9|«]f 


'Mflaodzo  9oyjo 


'aof^oodvu] 
pm  iiop«j^Ma|uxpy 


I 

e 

f>4 


S3S 


s 


^ 


s 

o 


00 


s 


s 

s 


10 


s 


w 


10 


>o 


w 


S 


s 


s 


H 


H 

CO 


'J9qaina  joqono^ 


SSSSSS:!^ 


ssss 


s 

CO 


s 


8 

9 


i 

S 

9  o  « 

6»S 


S 

CO 


10 


@  S  3 

«9    -^    to 


I 
I 

e 


(4 


a 


a 


s 


i? 


e 

I 

9 


feS     fe-'3tl4 


0U  O  Hi-90Li     i-)0     «i-^ 


I  <^  2  Q  ■t'c*!  •©  ^  t^ 

a. 


<oe«04D«oe 


•«>«a 


^;$ 


C 


c<  p»  w  e*  r*  c«i 


--•^^       I3S8^~««2^ 


Sg 


SEPOBT   OF   THE  MISSISSIPPI   BIYER   COMMISSION. 


313 


9 


a. 


?^cr:co;^cca4|^»^^l^OP^^ooH^ 


««Oioio   r« 


t»a»a 


s 


^ 


314 


REPORT    OF   THE    MISSISSIPPI    RIVER    COMMISSION 


o 

I 


o 

8B 


O 


I 


to 


I 


•a 


I 


I 


.Si 
4S 


•IB40X 


-dojd  oiiqad  jo  ojre^ 


'doaa-^sieqng 


S 


pira  '^n«id  ao  joqvi; 


•ea{Bd^ 


*B98a9dX9  J9aiBO)S 

pov  aopv)jodeaBJx 


d 

I 

a 

o 


*4a«id  JO  ^903 


1  2 


•laim 


H 

pa 


C4 


H 

CO 


'89]|ddns  vnoaovi     1 
•patfin  pm  itiiao^VH  ! 


*B9«a9dX9  90^0 


'aon99d8a{ 
pn«  ao||uiis}a|inpy 


I 


«8 

e 


.? 
^ 


^ 


?3 
CO 


00 


tA  O  ^  O 

06  "V  00  t* 
POCMift 


S*^ 


00 

00 


s 


tfi 


a 

o 


o 


c2 


111 

an*:) 


s 

I 


10 


.5 


9 

a 

o 

1 

OQ 


-a 


SJ2 
S2 


s 
^ 


•c 
a 


O 
O 


CD 


o 


•o 


oo 


CO 


a  Can 


«e 


10 

CM 


CM 

at 


s 


to 


•S 

4.  - 

9"^  9  • 


*i9qaina  j9iiono^ 


«>  <  «>  :  s  4  4  E'  :^  «>  sf  0  «>  «9  s2  o  d  ^< 

ooooeo  ^cocQ  ijoscocoooncQCOcO 

04  04 


ASM    CO    ^    ^    9 '^  »<  rH  f^  QD  «-i  91  CO  «0  QO  «o  «9  c«  e*  c«  t«  (<- a»  o  o  > 


•«>wa 


'^ 


REPORT    OF    THE    MISSISSIPPI    RIVER    COMMISSION. 


315 


s 

«* 


09 


N 


•  O 


u 


:8 


71 


g 


3 


B-2 


» 


o 
o 


06 


DC 


s 
^ 


o  ^ 

•AOQ 
O  (O 


123 


o 

S 


•a 


08 

s 

a 
o 


o 


CO 

«0 


CO  c  3 


a 

M 

« 


a 
c 


ai:  a 


c:  o  a 

t-iO 


9 

a 


o  o 
«♦  I- 


CO 


c^ 


a» 


S 


o  "■»•  eo  1" 


ee 


£|J 


e  a  a  c  c»S  a  *  *'i2  a  s^  «•  ej  u-i 


CM 

l-H 


Ota 

'••00 


00 


to 

CO 


\n 


s 
3 


s 


s 


s 


et' 


iMeM^aoQoaoao9iMMmiQ«e»iri^oooQOOOooooooe>ie4e«' 

• 


4> 


/ 


316 


REPORT   OF   THE   MISSISSIPPI    RIVER   COMMISSION. 


D 
C 

a 
o 

I 


o 


CO 


I 


4S 


Wox 


•dcud  on<ind  JO  ojvq 


•ooo^tqiiS 


'ao;)oiu9«aoo 
pm  9ini]d  ao  Joqvq 


S 

S 


C9 


tipidoH 


@ 


puv   non«^odwfnux 


!|1IVidjO9M0 


•l«ni 


'Mnddnt  Bno9ii«x 


'Mvirodxo  ooQO 


itoi^oodBiq 

pnv  aoi9«i)Bnn™py 


I 

« 


C4 


s 


s 


s 

lA 


s 


s 
8 


n 


CO 


ss 


s 


s 


CO 


9 

CO 


CO 


M 


s 


8S 
SoS 


s 


S 


^00 


'joqinnn  joqono^ 


eoi 


leoeo^^^^'* 


o^i»a 


lA 


AAg»»ao«oo9SSc^^^<^*'^*c*c^<^^*o*^^^^^^S:^^* 


a 
s 


fr 

S 


0 


REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


319 


3 
8 


9 

3 


S3 


s 


gS8 


9 


hsts 


s 


00 


J 


8 


S 


I 


Isl 

111  ill  sl 


s 


s 

04 
CO 


CI 


^^•^^ 


S«S 


§ 


8 


S?33 


ss 


8 


s 


s 


s 


9 


SS 


9 


s 


s 


I 


»>iO 


» 


SSSS§§S§g§§gii;8iigsSSai§§ii§§§i§§§iS§§§ISSgS""^-^^^ 


»sa25;5;RRi5aaaaas8gg««««"' 


••sss2S2:s5;SJ«g888a"«*^*ssssK 


I 


9 


P. 

(2 


5 


318 


REPORT   OF   THE    MISSISSIPPI    RIVER   COMMISSION. 


e 
p 

■♦- 
a 
o 
u 

I 

"5 


CO 

O 


I«l«X 


-doid  Jiiqnd  jo  ojvf) 


'99a»)8!9i(ng 


'Qoi^oiM^eaoo 
pm  }a«id  no  loqtri 


*ej|«do){ 


S 


pm  aop»|Jodfirajx 


9S 


-)1l«ld  JO  ^900 


19nj 


'Mfl^^dnB  Bno9ii«i 
•I99«iin  piro  [«iJ09«H 


-sMnodzo  9o^^ 


-aoi^oodBO) 
pm  nop«i9t|ii|aipy 


I 
I 

M 

.a 


C9 


s 
s 


I 


d 

o 


ss 


s 


5 

1 


►J 


So 


s 

o 


88* 


Ui3 


S 

CO 


s 


P. 

D 


S 
I 


0 

e 


!ii 


eal-SiilfeSag 


«  » 


•A 


s 


C4IA 


00 
CO 

s 

I 


i 


s 


s 

s 


«0 

CO 
CO 


p 

2 


H 

00 

P 
H 

H 

n 


9 


:S8 


8  :  :  :S 

a   .   .  .  s 

eS  s  eS 
04  33^ 


3 

e 
H 


uoquroa  loqonoA 


9%va 


>  CO  CO  M  M  M  CO 


coco<o'^S:SSiSS»f^2S£^88 


OO  Oi 


4i 
p. 


s 


O 


1^ 


ooetoi 

a 


REPORT   OP   THE   MISSISSIPPI    RIVEE   COMMISSION. 


319 


•  I  I 

•  •  I 
t  •  • 
I  «  • 
t  •  • 
«  «  t 

•  •  I 
«  t  • 


9 

8 


;S3 


S 


S 

to 


8?3S 


89 


00 

o 


8 


SS8S^ 
8S«Sg 


S 


8 


8 


8 


88 


8 


§ 


9 


8 


»>io 


S2 


53 


8 


8 


CO 

9 


CO 


8 


88 


9 

CO 


s§SSIssss§§ii§iil§§SSaiiill§§ii§§§ll§§§li§ 


eo'«ieaecieoio«»a» 


25;5:j5S;l58aa8888SS"«««" 


•  <o<o««oe«e«co'4i^t» 


<4 

I 


p. 

(2 


88888Sa"«^*SSSSK 


s 


320 


BEPORT   OF   the:   MISSISSIPPI  BIVEB   COMMISSION. 


"S 

a 

*» 

a 
o 

i 


O 

« 


o 


s 


^ 
»> 

•^^ 

S 
^ 


rnox 


'£%J9 

•daid  Ofiqad  JO  m«o 


*»9a9)«ftqn8 


*IIOf|01U^nHK> 


8 


tJfvddH 


l^m  iio|9«|aodtvtix 


tv«id  JO  ^too 


•pnj 


•Mnddni  «no»ii«i 


*M«iMdxo  oogo 


•iioj|9»d«a} 
pm  aoi9«x!i«fiqaipy 


a 
& 

s 

Tit 

c 


a| 


S 


s 


« 
t 


8 


8 


S 


» 


3 


S 


"Is* 


s 
s 


g 


Q  a  «  9  niS 


P 
H 

H 

m 


'joqnma  jaqano^ 


••t«a 


ooooooooSoaoSoo 


o 


A. 
» 
JO 


8;^ 


3 


s 
s 


00 


CO 


s 


sss 


s 

a 
0, 


I-- 

CO 


9 


S 


a 
.A  !  a 


£5 


S  2-2   !  S  — 

00    :tn(»PkXQPkCO(«0 


8 

00 


SS 
9S 


o 

a 

s 

m 
a 


2S 


9 
3 


s 


8 
2$ 


8 


o 


>  M  CO  10 1«  90  ^  o 

•- «-i  2C -*  g  01 55 
I  cQ  09  n  M  09  OS 


5 


a 


a 


HEPOHT   OF   THE   MISSISSIPPI   HIVEH   COMMISSION. 


321 


H 

H 
H 


3 


s 


s 


SI 


s 

lO 


8 

O. 


7i  • 


S 


8 

p. 

s 


9* 


s 


ss 


4> 


ss 


ss 
s 


I  — 


•83 


98 

2g 


8 


8 

s; 


•^^ 
^t» 


8' 


S 

g 
S 

'^  . 
.9s 


8 


s 

00 


H 

00 


*-» 
H 

03 
P 

I 


^  SS  mS  9  V  S  « 
^»<»AiaQQ0?i^G0QQOMA4 


m1 


I 


SIS^sssssss 


i^sassss^ssiisi 


O. 


O 


S^ 
SS 


s 


8 


s 


3 


8 

CO 


s 


8 
8 


88 
§8 


9 

c« 


S 


82 

MO 


8 


8 


88 


8 


C4 


8 


o 

»• 


388 


8 


S 

a 


Ml* 


S8 


>§ 


l«0< 


igil2§iS5i§5§3§l5SI§"— •sg 


SSSSe^^^88888g88S8S8S88'^SSS»a 


4i 


bit 

0 


n.  Ex.  :m- 


LM 


♦i 

S 


322 


BEPOBT   OF  THE   MISSISSIPPI   RIVEB   COMMISSION. 


•8 

P 

a 
X 

2 


•pnox 

:    S 

;!  § 

'Inn 
•doid  Ofiqnd  jo  oj«o 

"OoiiaifliMins 

S  :  :  : 

i  i    S 

M  3 

iio()9nj|«voo 
pav  9ii«|d  no  joqrri 

is    S 

» 

» 

1 

•MindgH 

1 

■ 

• 

• 
1 

*a9aiiodze  Manama 
pm  a«||«|iodsinux 

S  i  is 

tg  i   % 

»«H   !     c 

!3  :   a 

1 

» 

i 

r 

•;witd  JO  taoo 

:  :  i   S 

•   •   *     a 
>   •   •     »■ 

1 

> 

1 

IVOJi 

is  i 

»  1   .     ^M 

1   •   •     f4 

1     .     •       CO 

j  1  i    ^ 

•loo«iaipinriH9|«H 

S  :  : 

:  i  i    8 

Mi  g 

III    ^ 

■aaanadxa  aogo 

;    1       2 

m 

> 
1 

nioiVMdaiiT 
pnv  oo|)iu|a}n|aipy 

1 

• 

J 

1 

i  :  : 

•»*  •  • 

*&  I  : 

3  i  : 

•«  :  • 
a  :  : 

acuta  c: 

Payroll 

! 

1 

'laqonoA 

5BSSBS 

•^•a 

.888? 
H 

ISS 

Pi 

(2 

& 

Q 

6 


i 


isas 

;  i  iRS  i  : 

■     .           •     •     .    ■ 

•  •  o    *    *    •    * 

•  •  (M     •    •    t    • 

•  .          •    .    .    • 

•  •  o    •    •    •   • 

>  •  (w        •        .       •       • 

•  •  io    •    •    *   • 

•  •          •     t    >    • 

>  •           •     •     i     • 

•  •           .     .     «     • 

.      .      t      .            •     . 

•      •      .            •     . 

006 
22  75 

\  :S8SS  :S888  i  :9 

i  is  :  i  :  : 

'    !m   *.   !    !   I 
1    .^    t    •   •    . 

:  i    88  is 

•    *a      t      a      a      a 

S  i  i 
?3  :  : 

808  88 

27  60 
184  87 

:g  :  :  :S  : 
:2  :  :    53  : 

Fire  briok  and  oUy 

Snbaintence 

do  

dA 

Stone 

Subalatenoe   

do 

Bnppliea 

MareHal 

Siibaiatenoe    

Oatflt.  qoarter-boftta 

do  

Stone 

Iron 

sSSSS^HSSSil^SSSS 

1 

1 

4           ^^r^V^V^tH 

REPORT    OF   THE   MISSISSIPPI    RIVElt   COMMISSION. 


323 


••••OiSSiXj^JS  M  m  eS  A  CO  ee  « 


sa8a§j2ss8ssa*8 


<o<oioio<o<Da»v»o^ 


i 


s^s;s^8^^^^s^'^3g^asiS3ass88s;SiS: 


324 


REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


a 
•*» 

a 
o 


o 


^ 


CO 


"S- 


•o^«a 


s8saass§;;ss*^"«8''«s^si3S2Sj;2ss^gssa«s 


0 

08 


REPORT    OV   THE   MISSISSIPPI    RIVER   COMMISSION. 


325 


•5 


U3 


m 


P. 


326 


REPORT    OF   THE    MISSISSIPPI    RIVER   COMMISSION, 


o 

i 

I 

SB 


^^ 

"S 

a 

i 

a 

53 

jB 

a 

Q 

o 

1 

s» 

H 

K 

o 

< 

'*-. 

H 

fc 

P4 

•  . 

H 

ft: 

s 

'r» 

O 

^ 

A4 

l^ 

•€ 

^ 

.2 

t) 

$ 

•-1 

i^ 

A4 

«> 

i^2 

^« 

^ 

« 

1 

}« 

1 

••• 

V. 

"S. 

s 

K 

a 

■§ 

« 

s^ 

^ 

"^ 

** 

s: 

%< 

S 

«> 

«* 

« 

«* 

ao 

'S 

nnox 


•dojd  onqad  jo  oj«o 


'oaa9)«]flqiig 


*aonoiu!)«ao9 


-aip»d»H 


*«o«aodx»  a9iira9)s 
poB  ao|i«vio<^*(nMX 


'^iraid  JO  )soQ 


lanj 


SS 


S 


m 
S 


ooot^coodooS 

t- W  00  « '^  iH  iH  r-( 


•a 

I 


*898a9dx9  90|90 


*ao;')99d«a| 
pnv  aonBi^sfaimpY 


a 

H 

O 

■*» 
«« 

hi 

o 


s 


to 


So 

GQOQ 


s 

a 


5 


o 


S5 


*5 


S 


COM 


o 


2 

CO 
CO 


coo 


1 

a 

Q 


IQ  OMin 

MMoeo 


s 


s 


04 


H 

o 


OC  OC  «  •"!  <* 
CM  04  COO)  CO 

•HCM 


s 

a 
S 


s 

CI 


s 


dSo 


too 
t*o 

eo*o 


ej  CO 

5^5 


o  o  o  o 


S^  ^  S^     Ni/     ^     ^^ 

0  ft    i'g'StJ 

a-=  s    !  d  s  d 


d  s   '^  d  °  d  (B  d  ^-^  d    '  d  s  d 


a 
o: 


8 


2^S 


a 

SOO 


o 


a  * 


i 


'a9qmna  a9qaao^ 


^ssssssssSoSSSSSS^sssiS&S3s!2:!;:?^ss?:g^sssfS 


•9i«a 


<e<o«o«ecor«r«t^t«t«t«t«t«r«aoaoaoaoaOAAa»aeaa» 


P. 


^mS^oSc^c^SS 


REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


327 


•  •       • 

•  •       • 


•      •       • 


s 


CO 
GO 


s 


s 
s 


*  • 

•  9 


o 


s 


S  :     S 


s 


s 


s 


SS   :S 


•      •      • 


3 
8 


o 
I* 


6 

en 


8  NO 


3 


3 


s 


s 


ogo 


gt^eoooo  A 


s 


3 

3 


s 


lA 


-a 

•E 

i 


ss 


0 


^  :  S  s9 

cc     WHOPQMHHHcc«d5 


s 
3 


s 


SS 


C«' 


s 


3a 


II 
III 


sss 

SooS 


s 


5 


o  o 


28 

CO 


CO 

I* 

3 


ss 

5 


§§F^ 


S 


1 


8 


3 
a 


! 

a 


t|5|iia|fllil|i54li^i|i  ill 


r«^«P!OA^-«c»Q^»^iQ<D^aoaooom^«ot«tDO>co«^a  o-c^  !OOPO>oeot«aoMcoqo<«><or«ae^c)<«:o»0| 
X5^4^4^^^M•^^1^lHf-•fi4*H^•iSl^M54Cleie4e4^ie^lMNC4clole4N^e4^l^te4^l»4eoM 


SSSS'-'S 


iSS222'«88S5S?58S88S8^^=^ 


N 


■^^"^ttitei^teittittitatota 


S? 


828 


REPORT   OF  JHE    MISSISSIPPI   RIVER   COMMISSION. 


0 

o 
o 

I 


"v^ 

^ 


T»|oX 


'£%X9 

>d<Md  anqod  JO  oivo 


*oaaa)fl|«qiig| 


-iiop9iui«n(K> 
pm  )a*id  no  Joqv^ 


*fli]«d»H 


pm  ao{)«Mod«inMx 


')intld  J0)80Q 


lonj 


*8a]iddiitf  8iio9a«i 
•I90«|in  pnv  nnJ9)«p| 


*89«n9dxd  oofBO 


'aono9dsa| 
pnv  ao|ifM)sia}iiipY 


"2 

I 

H 

O 


*a9qaina  jaqano^ 


I  CO  CQ  CQ  CQ  C<3  CO  n  CO  CO  CO  CO  CO  CO  CO  n  CO  CO  CO  CO  CO  CO  CQ  CO  CO 


•9i»a 


I  « 
'  a 


^ooaox90xaoaoaoaoaoaoaoaoaoacaD«ooi«aOp^ 

,-4  fH  tiS  *^  f-l  fH  f-l  <^  «>^  *>•  fH  «>H  lPi|  ^^  (.^  «M         «Me* 


N 


BEPORT   OF   THE   MISSISSIPPI   BIVEB   COMMISSION. 


32» 


•       I 


I      • 
t      • 


00 


Ok 


s 
£ 


s 


3 


& 
^ 


S 

3 

o 


3 
I 


3 
S 


ff    •    I    • 


s 


99S 


ss 


9 

M 


:S8 


S 


s 


s 
s 


s 


8 


s 


of 


s 


-"6 


2$ 


assss 


si 


•'I? 


9 


s 


$S 


C9 


I* 


to 

09 


•  •      •     • 

•  •      t     • 


•      •     • 


3 


s 


8S 
8S 


s 


B  .^  <«  <ir  <«  •<#  <«  ,1  rH  1-t  .H  .-I  .H  f^ 


SS'-SSS^S^^ 


ioco«»eoeoiou»«D«Da»coeoekei-<# 


;?SSS;?S^^S^^SSS3^SSSS«{^S«S' 


e«  o  ^  e  «H  e«  M  e« 


CO  00 


s 


a 

t-9 


? 

■< 


330 


BEPOBT   OF   THE    MISSISSIPPI   BIVEB   COMMISSION. 


-8 

a 
a 

§ 

i 

I 


i 


I* 


1 


? 


I 

ai 
o 


I 


T»»oX 


•doad  ofiqud  jo  9xbq 


•2 

0 

§ 

a 

o 

:^ 

A4 


*9oa9)«|tqiis 


'nopoai^iiaaa 
pav  !)ii«id  no  aoqv^ 


*«ipid9^ 


'•9«aadx9  joiini9)8 
pm  ao)|«)jodsa«JX 


'%wt[d  JO  9«oo 


190^ 


8 

a 


s 


s 
& 


a 


*89n<'dn«  8no9inii 
•I90fi^ai  pav  i«|j9!)«p| 


Is 


'BMnodXd  99|^0 


*aof)99d«ii| 
pini  ao|(|BJ)B}a{aipy 


I 


s 


hi 

i 


a 
o 


I* 


:$ 
3 


S 


a 


ill 


gg=|'SfeS 


o 
I* 

00 


8 


«8 


s 


a 


s 

8 


dSSSSo 


s 


|5|i|52|1i|i|||:||S 
^^fl^2^:^2:i^ar.^x,SSS  '•2S&'' 


*j9qaraa  a9q9ao^ 


co«e^u5io>o<o«o<o<e««r*t-t«t«t«t>r«ooaoabaoAe»oako-^-^^rje9 


•9»Tra 


meoooe^AaooooeocoeQcoeooocoeoiOiAtOtOiAtACDeiDt^t^ 


^s;s;k 


REPORT    OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


331 


3  S  a  «£ 


g-g 


I  09  CO  CO  CO  I 


Ills 


E:Kss»sst»aa-'""-'g 


CO  60  CO  00  CO  09 


'«^t«t«t«<oooMMe>iNC9eoeoc9eot^t«aoAiAiOiO 


s^aa 


rf. 


332 


REPORT   OF   THE   MISSISSIPPI    RIVER   COMMW8K 


'V^ 

^ 


CO 

C 


0 


I     H 

S    5 

.-    o 


I 


WOX 


*«)aa99S{8qns 


'iiof|oai)«aoo 
pn  )a«|d  ao  aoqvq 


*«j)«d9^ 


pov  ao{!)«)JodflaBJX  i 


^imrid  JO  'jgoQ 


lanj 


'safiddne  «no9ii«x 
•l»asf  m  pa«  [npa^vj^ 


'09fia9dxo  93g^ 


$ 
^ 


s  s 


§ 


Si 


'nop99dsa{ 
pira  aoii«JiS|ii]nipY 


S 


»>j 


•2 

•a 
a 

H 


S 


op® 


(-  (* 


3| 


3 


o    •  a  00  CO      CO 


(O 
CM 


s 


M 


Sq:   S^g 


85: 


S 


00 


•c 

a 


11 


ctffam 


--555 


CO 
CO 

€M 


;=ti  J- P^^- 5;^^  :So| 


c 
r 


CO 

00 

Si 


Sa»  t«  t>  00  o> -^  94  m  5«i  lA  t^  <«*  t«  o  lA  o  r«  Ob  A  m  ^  (b  oQ 


^•1 
<o« 


•d;«a 


oe4oaooooooe4{9Mcaoc494e<iD«c<)C4e4C|e4oe 
cQ^«9^cocQf-irH<^<-ie4C4C4e4ci^ifie4eMMe>4346le>)^c 


«   0   C 
OQHsOO 


4J 

O 


•  BEPORT   OF   THE   MISSISSIPPI   RIfER   COMMISSION. 


333 


i 

s 

S 


s 


If 


I : 


3S 


00 


§ 


I 


•10 
•N 

•00 


s 


s 


p 
3 


s 

•A 


sss 


s 


11 


4 

o 
H 


S9 


i$S 


AM 


s 


S^8 


S 

s 


s 


s 


o 


S3 


ss 


tam 


S 


i-iO 


s 


•O 


s 


3@ 


s 


s 
I 


eo 


I 


*§ 


8S 


SSSS89 


S 


8 

C  «  O  Q 


*<  -■  L, 

GoeQHoo 


& 


0^6 


sssss§is§p§8igg§gis  -^""-^^^^--assssssssss 


i  i*' 

je4    • 

:  :q 

■.i ; 

COO) 


ra        e^  CQ  ei  CO  00  lO  O  iA  «D  m  t«  lO  f>4  C^  «0  CD  CO  e>4  94  O  Ok 

Ci      .  t-t  f-t  r-(  rH  CM  eo  ,Hl-lCllH 


o       -5  0 

•-5  f^^ 


«     3     « 

fci       ►^      &H 


334 


BEPOKT   OF   THB   MISSISSIPPI   BIVUK   COMMISSION. 


1 

a 

t 

o 

}  ^ 
I  a 


inox 

i  :  S 
:  S 

•doxd  Of  iqnd  jo  omo 

r 

:  :  ^ 

•ooiM9fl)«qn8 

iMfttniiaaoo 
pin  9ii«id  vo  joqvi 

■«i|«doH 

•* 

•  :  :8  : 

■  il  is  i 

-.2   S 

pin  ao|9«9Jodtinux 

s 

s 

:8 

:   S 

ia«id  JO  »too 

7.200  00 

08  55 

6,950  00 

:S 

80  60 

100  00 

8,600  00 

1.800  00 

0.295  25 

1         • 

1         • 

• 

•pnj 

tonddnt  tnooinq 
•l90t|inpini[«H«|«K 

s 
§ 

)» 

I     I   •*    I    I 

M  ^ 

tMnodxo  00(00 

:  !   ^ 

*no)9oodiii| 
pin  ao]4iM9fl|aiaipy 

S 

s 
s 

:S  :  :  i 
ia  :  i  i 

•    I     e- 

} 

1 
1 

J 

IK 

1 

1^ 

e 

1 

1 

D 

\ 

1 

,1 

S 

,  c 

'1 

t 

1 

\ 

1 

1 

1 

1 

» 

1 
► 

t 

1 

■ 

>  c 

£ 

a. 

1  V 

J 

D 

1 

1 

l(X 

t 
D 

1 
I 

1 
)  C 

c 

1 

I 

'm 

e 

1 

'■I 

2?" 

si 

•c  ; 
•2' 

ZA    > 
P* 

S   ; 

I 

■^; 
II 

GP 

J 

•  0 

Xi 

a. 

t 
s 

1 

.  «  a  «B^ 

11  ill 

• 

•    *        ^ 
m  • 

c  :     - 
S  :     : 

CO    . 

a  : 

s:  € 

35 

'joqnina  joqonoA 

S 

•oi»a 

^1 

• 

Si 

M 

04 

M 

•a 

« 

a 

)a 

.S 

« 

i 

< 

04 

* 
1 

»s 

94 

i 

E52 

REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


337 


s 

CO 


IS 


s 

CO 


^00 


s 


s 


sss 

§3S 


s 


ogoo 


CO  I 


lA 


s 


CO 


s 

8 


SS 


ta 


s 


8 


^ 


C4 
€4 


s 


8SS: 


^^S: 


c» 


•ft 


00 

5 


3 


s 


s 


t»ee 

oog 


88 


lO 


•*4     J? 


5 

«B 


888 

•AMtA 


CO 


-3 
C 

a 

s 


s 
s 

H 


88 


a 

4! 

p. 

§ 


a 


'  :•§  2  &I  d  fe  I  &-C  ••  :-c  2  S  :  :  s  3  .  :  8  o  ©  fe  &  :  :  S  r^^  :  :  &  :  S  ►  :  9  8  ©  fe  :  :  o  :  '  ' 

*  >         *  ff  • 


H 

« 


.£ 


i§igSRSi  =  «5«  — SSSSSgggg§ggg|S|||g§|g§SJ||28§§S888SgS 


ssaasssa""'"'"E;as==3Sssssaa" 


^lOiot^ooaoaoaoaooo^H 


2s5??-S5S5ggS«"SJ:S;22«^ 


0. 

H.  Ex.  37 


a 


336 


REPORT   OF   THE   MISSISSIPPI    RIVER   COMMISSION 


00 


si  'i 

8    I 


S 


Wox 


*ooiio)0]9qn8 


'noitoni^tnoo 


•ufvdvH 


pm  aof^vijodtaux 


88 


'tinqd  JO  ^toQ 


•pnj 


'••flddne  MUMinq 
•fOMIoi  pov  I«fI9)«  jc 


*M«a9dx9  9og^ 


'OOf^MdBVf 

pov  ao(^M|tfa]oipY 


I 

a 

I 
I 

u 
o 


8 


s 


8SS 

9 


S 

8 


s 


J  :  :  :  i  :8 
I  :  :  :  :  :S 

o    .    .    ;    !  ■  « 

^  :  !  :  :  MiM 

a  •  0      •  »7a 

.  ^3  X    ^    ^    5  '^    2C  00    DT  ID 


8S 
5| 


s 


s 

s 


2^ 


s 


8 

CO 


s 

I 


5M©:s 


« 

0 

s 


s 


88 


00 


8 

CO 

ei 


8 


3 

8 


>  2  ©  ~  8  o  g-r 


a 

H 

« 

to 
3©s 


8 
8 


8 


38 
-"8 


So 


H 

© 

©•u 

r 


aaqama  laqono^ 


•9»«a 


§ 


8trJsrIr;iW«««oco»wN«opne-^oiao'<*»o»t-e«N« 


© 


08  ©  eJ 


© 


REPORT    OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


337 


s 

s 


s 


o 


s 


s 


e 


SS8 


S 


SS 
8»o 


S 


2§?S 


IS 


2 
« 


SS 
SS 


s 


CO 


SS 


»a 


00 


9 


s 

•A 


lO 


d 

J3 


s 
s 


5 

a 

i 


s 


sss 


CM 


s 


a 
^ 


-3 

I 

a 
S 


s 


CO 


s 

m 


H 

O 


o 
o 


SSS:: 

of 


a 

4! 

p. 

a 

o 


SS 


I 

a 

no 

*  ©  b 


S 


10 


H.  Ex.  37 


0'> 


o 
a 
e 


s 


340 


REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


a 

•*» 

a 
o 


I 


« 


I 


I 


•2. 

ac 


I 

I 

1 


•l*»oX 


•doid  Ofiqnd  jo  qhvq 


*93a99«|aqa8 


*ao|)9iu)8aoj 
puB  )a«|d  ao  aoqirf 


1 

0 


'UtBdaH 


-r   S 


a 
o 

I 
H 

^         M 


pm  aon«Mod«inux 


*9cni(d  JO  ^soQ 


§ 


•l^nj 


tidllddas  snodQBi 
•I93«iai  pn  iBp9)«K 


•«9sa»dxd  9aspo 


*ao|pdd«a{ 
pore  aopM;«ia{aipy 


a 
ST 


'joqrana  j^qano^ 


SSSS5SSSS&SSSSS:;9S99$SSS 


Mitaat 


SSSS; 


•»>»a 


•  0«««0^^g«gggJ.j,5;jg-ggOO«0-WO«««2-5*»C3 


s  S  ® 


REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


341 


s 


s 


s 


S3 


s 


sss 

8SS 


9SS 

r 


s 


s 


s 

o 


s 


« 


s 


s 

s 

of 


& 


s 


s^ 


to 


ss 


«r^ 


S 


SS 


s 


00 


S2    S 


00 


CO 
CO 


s 


s 


s 

3 


s 
3 


SS 

^3 


s 


g 


s 


6 


s 


a 

Q 


fit 

M 

O 


I 


Ji 


:  ;  :  :  :  bci  :  bfig  •  : 

'  a  11  s.b  52  Sis''  Isl  1 1 12  is-E  ail  a' lal 

•  a  «  •  t 


lit 


342 


REPORT    OP   THE    MISSISSIPPI    RIVER    COMMISSION. 


.S 

a 
o 

i 


eo 


5 


ft^ 


§ 


I 


•nnox 


•dojd  Diiqnd  JO  9J«3 


-»3ao)fi{<iqns 


'Qopoiu^saoo 
pm  !)a«[d  ao  jaqQi 


*0JlBd^S 


'sosaadxd  aatu  va^s 
pav  uot!)e:^Jod8Uiuj;, 


•^imid  JO  -jsoo 


lanj 


*«a{lddo9  imooavi 
•laonoi  pcra  [«u9^«p[ 


S 

§ 


*998a9dX9  99G^ 


'nof^oddtoi 
p^n  ao)itM!^8(a{aipY 


a 

H 
O 

-«« 

o 


Si 


g5 


•2  •  Tf  »'« 
^  •»•  ^ 

P*A  ci 

QQOQOm 


8 


S 
@ 


S 


_  o 


S 


o 
o 


s 

M 


$8 

S2 


eo" 


I 


5 
S 


Si 


SP 


o 

too 

tc  — 

o 
eo 


*^s 


—     * 


3 


8 


eo 


8^8 

SeoS 


A    A    k    * 


-"^"^"S 


:6e 


'joqnxna  jaqoaoA 


i2>^Q^ooi-4e4eota«Dt*i 


•»j»a 


S^SS^' 


1 04  ca  «D  «D  (O  c- 


ssssssfisg^sss^ 


Pi 


I 


J 


REPORT    OF   THE    MISSISSIPPI    RIVER    COMMISSION. 


343 


REPORT  OF  THE  HISSISSIPPI   RITER  COHUI8810M. 


u 


■moi 

Nmnm  ml; 

-dOrfOnillldjOMO 

:  :  :  :8 

:::::::::  :5  :::;  : 

8     i        :::;:: 

s  i     i : : i :; 

'wontmne 

ises  ;  i  :  :     i  i  :  :  ;  :  : 

m\  niMii 

pniMidBOJoqvi 

HMi  WWW 

■ui^OH 

:  :  :  :8 

i  i  1 :» 

■  :  ■  i 

:  i  :  ;e  :  ie  ■  -8  is  iss 
;  :  i  ;g  ;  is  :  is  ;-  ig* 

■  :  :«  ■     ■::::! 

^^.^•srsi 

:8  :  :  ; 

:89S  :■:::::•■::: 

i  i  i  Is     ;  i    S     : 

■»iwidjoi«>a 

i  1"     : 

:  !"     : 

■  :  1  i  ;  its  i  :  :  i  i     :  : 

M  ; :  i  l5l ;  M  i ! :  i  i 

:■:;!■•*:■             :  ; 

i  ig  i  i    ■!  ; 
■  -a  I  ■  i  :  :       : 

lonj 

..^SSISiSSSk 

NHi 

:  :  is  ■  i  :gfS     ■  :  is  ; 

i   i  i-  i  ii'S  i  n  :8  ; 

:8  :     :8  :  :  :  :  : 
:S  ;      :s  :  :  :  :  : 

tMiradiomiK) 

-tU^OOdlO) 

S  :  :s  : 

8  :  :                      :S  :  : 

:    88S  isS 

1 

5 

ill 

iiiijiJjiljil. 

:  1  i   ;   i  ■   i  i 

•JMinBO  jotianoA 

Sa5gSSSS3S3Sis»Sg£SI8llaaa§8SS3ScS 

mia 

€"" 

•'•""--•-ssHHsaaK 

SSRSKH'— "SB 

BEPOBT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


345 


s 


s 


s 


09 


9 


S5 


S 

C9 


9S 

2-^ 


s 
s 


s 


9 
$ 


:8 


s 


s 


8$ 


s 


00 

8 


S 


S 


8SS 


a 


9 


S 
8 


S 
S 


ss 


c« 


s 


s 


s 

i 


s 

o 
So 


•  • 

t  • 

•  I 

•  • 


•  • 
t    • 

•  t 


•  I 

•  • 
t  • 

•  I 


•  •  I 

•  •  t 

•  •  • 

•  •  • 

•  •  • 


•  •   • 

•  •    • 


•  •   •    •    . 


•  ••II 

•  •    I    •    I 

•  •    •    I    ■ 

•  •    •    •     • 

•  •    .    .    , 

•  •    •    •    « 

•  •    •    •    I 

•  •    •    .    . 


S5 


s 


8 


ss 


8 


•  •  •  •  • 

•  •  •  •  • 

•  •  •  •  I 

•  •  •  I  • 

•  ••II 

•  •  •  I  1 

•  •  •  I  . 


•  I 


•  •  1  • 

•  •  •  t 


I  • 


•  •  •  lA 

•  •  ■  iQ 

•  •  •  • 

•  •  I  iQ 

•  •  •  IQ 


s 


s 


8 
S 


8 
S 


9  s. :  a  si 

Sit  "5"^ 


t 
I 

II  il 


o 


OOl 


i!i8l!S§s§§§§§§l3i§iS§l§§ggg§iilg§§ii3ll§SsSs§§|§;il»aa 


►  •'»^i*t*e»i*r»^0'>* 


s 


346 


REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


o 

i 


xi 


^ 


•l«loX 


'£%J9    ' 

-dojd  on<ind  JO  9J«3 


'eoaa^eisqng 


•-II 


S:; 


'Qopoiu^saoo 
pcre  ^nvid  ao  loqvq 


*8J|«d9^ 


'S98a»dx»aom«9^8 
pav  aoi^vuodsmux 


gss 


m 


*)awidjo!(0oo 


•I»iij 


w 


s 


*«9f|ddii«  tnooirex 
•I9oopn  pav  i«p«|«n 


s 


*S99iiodx9  aogo 


'Qopoodtni 
pm  aof9«i^e{ii|i]ipy 


rcO 


'Jdqamu  xoqonoA 


§9S2$<S9SSS;S£s 


•^•a 


s 

■s? 

?9 


s 
s 

o 


s 


Vei" 


SSSS&9 


So 


^  1^  09  m  iH  CI  flo  ^  lO  «t» 


>»§>»>» 


-3IHI 


REPORT   OF   THE    MISSISSIPPI    RIVER   COMMISSION. 


347 


••e.i< 


s;:9s:sss^ss§$s:sas(S8S;s$i$s5S38ss8s;si^ft-^^ 


s-'sss^s; 


MMe« 


jijw'^^^^^^^jjj^ag^^wwggoooagoa 


0 


4i 

5 


Q 

H 

O 

H 
P 
O 


s 


.A 

s 
g 

SB 


o  o 


§ 


•  Q 


iHC4eQ«ie«K» 


00  30 


sssssss 


as 


348 


REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


.9 

a 
o 

o 

I 

■i 


J 


CO 


8 
I 


moi 

— 

- 

'— 

•doid  3)iqnd  jo  9imq 

s 

o 

s 

o 

'00ii«|t|tqn8 

$243  99 

248  91 

16  00 

16  00 

S 

>  w 

600 

12  00 

304  10 

32  00 

1   t 

s 

*1IOI)0IU)«UO0 

pov  ^avia  no  loqvq 

§ 

'SJ]«d9H 

s 

'•MQodxo  joonw^a 
pm  nopvModtmuj, 

s 

8 

■)inndj0  9W>o 

$284  12 
92  60 

s 
s 

s 

cS 

S 

•19IIJ 

S' 

— 

'-  - 

u 

^ 

s 

*«9|lddii«  tnoonvi 
•Ioo«(inpirai«lJ9|VH 

$2  78 
2  78 

•  1 

•  1 

•99m9dX9  0000 

< 

s 

o 
^4 

-- 

S 

o 

'iio|90od«ii| 
pm  iiO|^«nf|ii|iapy 

S 

For  what  expendod. 

11 

li 

1 

il 

il 

1  c 

J 

il 

•  • 

>  • 

>  • 

»  : 

8 

0 
C 

1 

< 

ij 

> 

c 

il 

6l 

1 

!l 

1 

3 

& 

> 

i] 

il 

'i 

6 

11 

D 
\ 
1 

> 

1 

4 

d 

1 

e 

1 

'joqanm  joipnoA 

■  •O40 

•o^«a 

• 

1 

IS 

IS 

i£ 

is^ 

iS 

i3 

S^Sf^ 

ts^ 

e 

\ 

•^ 

"< 

•  ^ 

'S3 

18 

* 

IIS 

tie 

REPORT    OP   THE    MISSISSIPPI    RIVER   COMMISSION.  349 


APPENDIX   I. 

uport  of  captain  j.  g.  d.  knight,  corps  of  engineers,  upon  operations  in  tub 

first  district. 

United  States  Engineer  Office, 

Cairoy  111.,  November  27,  1883. 

Colonel  :  The  followiDg  report  is  submitted  in  compliance  with  iDstructioDs  of 
September  6,  1^3,  to  send  immediately  after  October  31,  18fcf3,  a  report  of  work  done 
by  me  with  funds  controlled  by  the  Mississippi  River  Commission  since  the  date  of  my 
last  annual  report  and  up  to  October  31, 1^^. 

It  covers  (1)  levee  location  alons  the  Saint  Francis  front;  (2)  the  improvement  of 
the  New  Madrid  Reach ;  and  (3)  the  improvement  of  the  Plum  Point  Reach. 

SAINT  FRANCIS  FRONT. 

September  16,  1882,  instructions  were  issued  by  the  Commission  that  such  surveys 
ahonld  be  made  of  the  Saint  Francis  front  in  the  first  district  as  would  render  it  pos- 
sible to  report  to  the  Commission  the  cost  of  closing  all  gaps  in  the  levee  to  the  old 
grade  along  that  front;  but  no  allotment  out  of  which  to  pay  the  cost  of  such  surveys 
was  made  until  November  19,  when  $5,000  was  allotted  for  the  survey  of  so  much  of 
the  Saint  Francis  front  as  lies  in  the  first  district.  Two  days  later  the  Commission 
adopted  instructions  lor  the  surveys  of  new  levees. 

As  the  old  levee  that  could  be  utilized  in  the  construction  of  the  new  amounted,  in 
the  first  district,  to  but  1  per  cent,  of  the  volume  of  the  entire  work,  instead  of  for 
dosing  gaps  in  the  old  levee,  the  required  estimates  were  for  virtually  building  a  n«iw 
levee  along  this  front ;  hence,  the  instructions  of  the  Commission  as  to  surveys  tor  new 
levees  were  decidedly  applicable  to  this  work. 

In  November  a  small  party  was  sent  out  to  commence  the  location ;  but  as  it  was 
discovered  that  its  instructions  were  not  sufficiently  comprehensive,  and  as  fuller  in- 
structions necessitated  a  difi'erentl}^  organized  party,  the  first  was  recalled. 

As  the  surveys  and  estimates  could  not  be  made  in  time  for  the  last  annual  report, 
the  survey  was  deferred  until  after  the  high  water.  In  the  spring,  propositions  were 
received  from  various  parties  to  make  the  required  surveys  at  prices  varying  from 
|l5to  $100  per  mile ;  and  the  lowest  proposition,  that  of  Civil  Engineer  H.  N.  Pharr, 
Lagrange,  Ark.,  accepted.  His  party  started  out  about  June  1, 1883,  from  Bird's  Point, 
Mo.,  and  prosecuted  the  work  with  energy  until  it  was  stopped,  in  the  bend  above 
New  Madrid,  by  hi^h  i^ater.  Resuming  in  July.  Engineer  Pharr  carried  on  the  loca- 
tion to  its  completion.  The  level  notes  and  profiles  were  received  in  September ;  the 
end  of  October  passed  without  the  plotted  location  coming  to  hand. 

As  an  approximate  estimate  the  following  figures  are  given,  to  be  followed  by  a 
complete  report  when  additional  data  are  at  hand : 

Length  of  line  to  be  leveed miles. .  228. 5 

Length  of  line  to  be  cleared do 114.5 

Volame  of  entire  levee cubic  vards. .  9, 000, 000 

Volume  of  old  levee  available do 90,000 

Volume  of  earth  to  be  moved <lo 8,910,000 

Estimating  earthwork  at  25  cents  per  yard,  clearing  at  $30  per  acre^the  number 
of  acres  beiug  estimated  as  750 — and  cost  of  surveying  and  inspection  at  $50,000,  the 
approximate  cost  of  leveeing  so  much  of  the  Saint  Francis  front  as  is  in  the  first  dis- 
trict will  be  |2,:W1,000. 

The  amount  expended  under  the  allotment  is  as  follows : 

Jarvey  party  and  draughtsman $3,069  'M 

Instruments,  stationery,  and  maps 226  05 

Laniage  to  crops '. 9  50 

Mileage 8  00 

Total 3,312  91 

STATEMENT. 

^llotmeut $5,000  00 

Expanded  as  in  above  statement 3, 312  91 

Balance  on  hand  November  1,  1883 1,687  Ot) 
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As  an  alternate  line  Ir  still  to  be  run  between  Bariield  and  Mill  Bayou,  and  as 
further  examinations  mnst  be  made  with  reference  to  the  drainage  of  the  swamp 
lands  of  Southeast  Missouri  and  Northeast  Arkansas,  this  balance  will  all  be  required 
for  liabilities  incurre<l  or  to  be  incurred. 

NEW   MADRID   REACH. 

The  Commission  recommended,  August  18, 1882,  that  the  district  officer  have  a  sur- 
vey, with  a  view  to  improvement,  made  for  the  New  Madrid  Reach  at  next  low  water; 
and  that  he  prepare  and  submit  a  project  for  the  plant  needed  for  this  reach  and  one 
for  the  work  of  improvement.  Later  I  was  informed  that  the  survey  and  plans  called 
for  of  the  New  Madrid  Reach  should  i  nclude  the  river  from  the  hea<l  of  Island  No.  8  to  the 
foot  of  Island  No.  14,  a  distance  of  60  miles.  August  18,  1882,  an  allotment  of  $700,000 
was  made  for  the  works  on  this  reach. 

The  survey  was  commenced  September  23,  1882,  1.5  miles  above  Island  No.  8,  and 
the  field-work  completed  during  the  following  December,  having  been  carried  to 
GayoBO,  2  miles  below  Island  No.  14.  A  map  of  the  entire  survey  was  leisurely  drawn 
lut-er. 

September  14,  1882,  the  following  plant  for  this  reach  was  recommended  by  the 
construction  committee  of  the  Commission  and  approved  by  the  Commission :  Twenty 
pile-drivers,  forty  deck-barges  for  stone  and  brush,  one  machine-shop  boat,  six  quarter- 
boats,  four  two-hundred-foot  mattress-boats,  six  one-hundred-foot  mattress  boats,  six 
screen -boats,  and  forty  skifi's. 

December  19,  1862,  while  the  construction  of  plant  already  ordered  was  continued, 
otherwise  the  allotment  for  this  reach  was  suspended  ;  and  on  March  16  $300,000  of 
this  allotment  was  transferred  to  the  Plum  Point  allotment,  and  the  balance  found 
to  remain,  after  payment  of  all  liabilities,  ordered  transferred  to  the  Lake  Providence 
allotment. 

The  plant  ordered  by  and  constructed  for  the  executive  officer  of  the  construction 
department  of  the  Commission  is  twenty-five  pile-drivers,  one  machine-shop  boat,  and 
forty  barges,  as  set  forth  in  the  following  table: 

List  of  floating  property  bought  by  the  executive  officer,  Mississippi  River  Commission ^  out 

of  allotment  for  Netc  Madrid  lieachj  for  use  on  that  reach. 


Deeoription. 


No. 


First  cost 
of  each. 


Total  cost. 


Remarks. 


Barges 

1)0 

Do 

Do 

Do 

Machine-shop  boat' 


Pile-driyers. 


Anchors 
Outfit... 


Total 


19 
5 

10 
5 
1 
1 

20 


$1,850  00 
1,840  00 
1.800  00 
1,950  00 
2,000  00 
8, 130  00 


$35, 150  00 
9. 245  00 
18,000  00 
9,750  00 
2, 000  00 
8,180  00 


5,  325  68        106, 517  60 


1.630  48 
227  45 


192,850  53 


Of  these  barges,  17,  oostinK 
$32,045.  are  in  oae  on  Flam 
Point  Reach,  and  23.  valued 
at  $42,100,  in  general  towage 
service. 
In  use  at  Plum  Point. 

5  in  use  at  Plum  Point:  5  in 

use  at  Lake  Providenoe;  10 

laid  up. 


J 


*  The  oost  of  the  machine-shop  boat,  without  tool  outfit,  was  $3,380. 


The  expenditure's  under  the  original  allotment  are  as  follows: 


Captain 
Sears. 


General  administration    $6.32  92 

Ofiioeexpense ;  21  00 

Care  of  property '  18  50 

Cost  of  plant 193,549  99 

Steam er8,  towage,  &c 6,490  50 

Surveys .• 

Laboron  plant 20  00 

Miscellaneous 3, 833  25 

Total 1  204,572  16 


Captain 
Knight. 


$4, 498  95 


4,496  95 


TotaL 


$632  92 

21  OO 

18  50 

193. 549  99 

6,496  50 

4. 498  95 

20  0« 

3,833  25 

209. 071  11 
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STATEMENT. 

Allotment $700,000  OO 

TraMferred  to  Plum  Point  allotment $300,000  00 

TraDaferred  to  Lake  Providence  allotment 187, 500  00 

Disbaraed  by  Captain  Sears 204,572  16 

Disbnraed  by  Captain  Knight 4,498  95 

696,571  11 

Balance 3,428  8^ 

Balance  in  hands  of  Captain  Sears  November  1 $2, 427  84 

Balance  in  hands  of  Captain  Knight  November  1 1, 001  05 

3,428  89 

Thongh  apparently  it  is  not  contemplated  to  begin  work  on  the  New  Madrid  Reach 
with  any  portion  of  the  appropriations  hitherto  made,  the  still  existing  necessity  of 
ihe  improvement  of  this  reach  cannot  be  doubted.  During  the  low- water  season  just 
laaaed  it  has  been  marked  by  three  of  the  most  tronblesome  places  between  Cairo  and 
kemphis,  viz :  Phillip's  Crossing,  Point  Pleasant,  and  Tipton ville.  Shoal  water  and 
torioouB  channel  have  characterized  these  places,  and  the  latter  vicinity  has  been 
marked  by  loss  of  property,  delay  of  steamboats,  and  many  channel  changes.  It  will 
continue  to  be  so  charact-erized  until  the  extremely  unstable  banks  from  New  Madrid 
to  Tiptonville  be  protected  from  the  assaults  of  the  river,  and  the  channel  otherwise 
Ixed.  The  locality  is  an  excellent  one  for  a  crucial  test  of  any  system  of  bank  pro- 
tection, much  of  the  river  bank  being  sandy  and  high. 

Shoold  the  Commission  consider  the  advisability  of  work  of  river  improvement  else- 
where than  where  already  commenced,  I  would  suggest  this  field  as  one  where  im- 
imvement  is  urgently  demanded. 

PLUM  POINT  REACH. 

From  December  19,  1882,  to  June  6,  1883,  First  Lieut.  T.  W.  Symons,  Corps  of  En- 
cineen,  was  in  local  charge  of  work  on  this  reach.  On  his  accepting  other  duty, 
United  States^  Assistant  Engineer  A.  J.  Frith  resumed  charge,  and  has  sincK  retained  it. 

Since  the  date  of  my  last  report,  additional  dikes,  shown  on  the  maps  of  the  reach 
snnexed  (Plates  II-V),  and  as  follows,  have  been  ordered  by  the  Commission  :  Two 
dikea  la  and  Id,  between  dikes  1  and  2,  at  Gold  Dnst:  dike  4,  in  Osceola  Chute,  and 
dike  2,  in  Bnllerton  Cbnte. 

The  dikes  in  course  of  construction  at  that  date  were  those  at  Gold  Dnst — the  main 
dike  and  cross-dik^  1  to  5 — the  Osceola  middle,  and  Osceola-Bullerton.  Later  work 
on  the  upper  Osceola  was  resumed.  Osceola  cross  No.  1  was  commenced  March,  1883; 
Osceola  cross  No.  2,  April,  1883 ;  Osceola  cross  No.  3,  March,  1883 ;  BuUerton  cross- 
dike  No  1,  June,  18^;  Plum  Point  main  dike  and  No.  1  cross-dike  in  September,  1883, 
ind  No.  2  cross-dike  in  October. 

Of  the  dikes  ordered  or  approved  by  the  Commission,  the  following  have  not  been 
commenced:  Osceola  cross  No.  4,  Bnllerton  cross  No.  2,  and  Plum  Point  cross  Nos.3, 
<,  and  5.  Osceola  cross-dike  No.  4  was  ordered  June  3«\  1883,  but  its  construction 
Mnid  not  be  carried  on  at  low  water.  Bnllerton  cross-dike  No.  2,  ordered  at  the  same 
time,  could  not  be  put  in,  as  the  attempt  so  to  do  would  have  interfered  with  the  use 
of  the  only  navigable  channel  near  Bnllerton  Tow-head;  the  Plum  Point  dikes  were 
deferred,  as  my  project,  in  which  they  were  incorporated,  was  approved  subject  to  the^ 
proviso  that  they  be  not  undertaken  so  lon^  as  the  plant  can  be  employed  elsewhere. 
while  projects  submitted  from  time  to  time  covered  bank  protection  of  the  Ten- 
nettee  shore  from  Ashport  to  Gold  Dust,  of  the  Arkansas  shore  from  Mill  Bayon  to  upper 
Osceola  Chute,  and  from  Bnllerton  Cnute  to  Craighead  Point,  of  upper  and  lower 
Osceola  Bars,  of  Bnllerton  Tow-head,  and  Yankee  Bar,  to  attempt  to  protect  more  than 
Bnllerton  tow-head  has  been  found  impracticable.  That  this  snould  be  protected  was- 
necessary,  as  the  bar  in  front  continually  crowded  the  water  over,  thus  threatening 
the  catting  in  two  of  the  tow-head ;  also  as  the  river  persisted  in  establishing  for  this 
season  the  main  channel  in  Bullerton  Chute,  there  might  have  been  much  wearing 
away  at  the  head.  Two  thousand  six  hnndred  and  ninety-four  feet  of  mattress,  with- 
out  npper  bank  protection,  were  built  at  Ashport,  and  so  far  have  served  to  prevent 
caving. 

The  following  table  shows  the  amount  of  work  reported  at  each  place  and  the  amount 
Pf  dike  actually  standing,  as  shown  by  the  reports  of  Assistants  Geuder,  Marx,  Nolty, 
'pd  Yeager  (Appendices  J2-J  5)  and  the  plates  thereto  annexed  (Plates  II-V).  The 
difference  between  the  two  items  serves  as  a  basis  for  determining  the  total  amount 
^  work  destroyed,  not  limited  to  the  past  year,  and  the  estimated  value  thereof, 
'bese  values  are  based  on  those  given  later  in  a  table,  showing  the  amount  and  cost 
*'ftll  work  on  this  reach  : 


362 


REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


I 

.s 

I 

s 


S* 


ss 


!§§§!§ 


s 


Sob  ^^Soc^S 


S8 


3    SSS    SSSS88S 


8    SSm    SSriSSSSSe 


•  .J  — • 


^5 


I 

<6 


a  " 


s 


i 


a 

o 


eif 


ooVh 


s 

•9a 


A<aq 


a 
o 

I 


um 

«*-"'¥ 


I 


9 


11 


**  ©  "  • 
**        U  t.  ^  «^^ 


fr 


I 


Pi 


d 


a 


fT 


a 

o 

I 

8 

a 

a  a 

§^ 

«  2  « 

si*!! 


!l 


REPORT   OF   THE   MISSISSIPPI    RIVER   COMMISSION. 


3*3 


The  damage  to  the  pile- work  resulted  from  the  weak  forms  of  dike  first  nsed,  froio 
ito  incomplete  condition,  and  from  irresistible  scouring  action  of  the  river. 

The  first  work  consisted  of  bents  formed  by  pulling  over  and  fastening  at  the  tops 
corresponding  piles  of  two  parallel  rows;  2,400  feet  of  this  was  removed  by  sconr  in 
thealMence  of  a  foot-mat.  Later,  dikes  of  piles  braced  by  sin^rle  inclined  piles  and 
loDgitiidinal  stringers  were  tried  and  found  wanting;  the  one  at  Upper  OsceolA 
Cbute  having  been  almost  wholly  broken  ofi*,  though  not  before  it  had  induced  much 
^epoftit  at  the  head  of  the  chute.  Then  was  tried  a  form  shown  in  my  report  of  1882, 
rtiJI  weak,  as  was  shown  by  its  experience  with  the  high  water  of  last  spring.  A 
AtaDdard,  planned  by  United  States  Assistant  Engineer  A.  J.  Frith,  has  been  adopted 
for  the  pre»fnt,  and  will,  it  is  thought,  i»rove  sufficiently  strong. 

Apart  from  the  dikes,  even  if  finished,  being  too  weak  to  resist  the  great  strains  to 
which  they  have  been  subjected,  there  was  the  desire  to  take  advantage  of  favorable 
ttiges  of  water,  which. resulted  in  the  pile-work  being  hurried  ahead  too  far  in  ad- 
TftDce  ot  its  protecting  mat-work;  and  when  rising  water  came,  there  came  with  it 
ffli88e%of  drift,  which,  at  the  satne  time,  both  prevented  mat  construction  and  in- 
doced  scour.  Finally  2,i;00  of  the  3,:i00  feet  of  Osceola  middle  dike  were  carried  away 
by  the  river  Buddenly  scouring  out  a  volume  having  a  cross-section  of  l,20i»  feet 
width  and  20  depth.  £ven  the  foot-mat  along  its  front  failed  to  stay  this  scouring 
action. 

Damage  to  the  bank  protection  has  resulted  from  three  causes:  Chiefly,  the  at- 
tempt to  work  at  too  high  stages  of  the  river,  in  consequence  of  which  the  mattress 
or  low-water  protection  has,  by  rising  water,  been  curried  to  the -tops  of  banks  and 
there  grounded  so  high  as  to  admit  of  undermining;  secondarily,  water  seeping  from 
Accuniolations  in  pools  and  above  comparatively  impermeable  strata  has  indnced 
ctviug  in  rear  of  high-water  protection ;  and  in  a  very  few  cases  the  mattress  or  its 
moorings  have  been  found  too  weak  to  bear  the  strain  brought  upon  them  by  rapid 
currents. 

The  question  is  naturally  snggested,  is  a  repetition  of  this  great  damage  to  be  ex- 
pected! 

As  to  pile- work,  the  answer  is,  no.  The  height  of  the  tops  of  dikes  having  been 
lowered,  lees  drifc  will  accumulate  against  the  dikes.  A  careful  following  up  of  pile- 
work  with  brush-work  and  mattressing  of  openings  before  closing  them  will  diminish 
the  possibility  of  scour.  The  increased  strength  given  to  dikes  will  increase  their 
renstapce,  and  eqnallv  beneficial  results  may  be  expected  from  a  reliance  on  oross- 
dikea^  in  some  cases  where  longitudinal  have  been  used,  as  in  the  case  of  Osceola  mid- 
dle dike.  Damage  to  this  was  exceptional  in  its  cause,  and  how  to  guard  against  like 
injury  is  not  yet  known. 

As  to  bank  protection,  loss  may  be  avoided  by  abstaining  from  efforts  to  bnild  a  low- 
^iter  protection  during  high  stages,  as  then  such  work  could  only  be  done  with  any 
hope  of  success  along  a  bluff  shore.  Mattresses  can  also  be  strengthened  to  stand 
tty  currents  so  far  experienced.  Seepage  water  is  more  troublesome.  Drainage  of 
pools  may  be  attempted  in  favorable  cases;  but  more  likely  the  true  remedy  is  an  ex- 
^Mioffly  flat  slope  above  the  line  of  exudation. 

The  following  table  gives,  as  nearly  as  it  can  be  made  from  data  in  this  office,  the 
^ount  and  cost  of  all  work  on  this  reach.    The  exceptionally  high  cost  of  Buller. 
ton  cross-dike  No.  1  is  due  to  deep  and  rapid  water ;  that  of  the  Plum  Point  dikes 
P'^sibly,  te  the  fact  that  much  work  thereon,  being  incomplete,  can  only  be  estimated 


Conctractioii  of— 


!^!&  Point  dikes 

CroM  dikes 

^Caindikes  

Towhead  bank  proteo- 

liower  bar  bank  protec- 
tion  

TTpper  bar  bank  protec- 
tion  

TTpper  dike 

Middle  dike 

^^Dutt  dikes 

*^«port  bank  protection  . . 

Totals 


Labor  in 
construc- 
tion. 


$5, 187  26 

13,687  38 
19.S50  50 
32,766  60 


11,302  03 

5, 318  27 

0. 437  00 

10. 260  52 

17,866  67 

85.280  05 

5.187  05 


H.  Ex.  37- 


216, 074  31 

-23 


Material 
for  con- 
struction. 


Snbaistenoe. 


$5, 416  11 

0.407  35 
15,  K76  60 
30,427  86 


8,504  86 

4,061  00 
9.850  03 
8,055  10 
14. 876  00 
70, 680  58 
5,527  27 


01, 078  80 

3, 170  70 
5,371  50 
7,800  80 


2,940  60 

1,604  10 
2,234  80 
2.406  00 
4,611  60 
18, 010  50 
1.402  20 


103,073  31  i      60.740  50 


Repair  and 

outfit  of 

plant. 

Care  of 
property. 

17,954  00 

01, 166  22 

17, 878  00 
28.036  00 
48, 480  00 

2,621  44 
4, 110  77 
7,108  64 

15. 576  00 

2,288  84 

8.104  00 

14. 674  00 

14. 740  00 

25. 134  00 

128.092  94 

8,268  00 

1,188  34 
2,152  34 
2.162  25 
3.685  43 
18, 013  65 
1,211  65 

317, 836  04 

45,704  47 

Steamer 

and 
towage. 


$3,616  18 

8,126  46 
12,743  18 
22.086  4S 


7,079  81 

3,683  86 
6,670  00 
6,703  00 
11,424  81 
66,460  4« 
8,758  86 

141, 801  86 
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Conatnictioii  of— 

General 
adminiatra- 

tion  and 

ottice    ex* 

penae. 

Survey. 

Miacellane- 
ona. 

• 

Total  coat 

Total  con- 
atmcted. 

Approxi- 
mate price. 

Flora  Point  dikea 

Bnllerton : 

CroHa  dikea 

$615  00 

1.384  30 
2. 170  50 
3, 753  30 

1.205  90 

627  80 
1,136  30 
1.141  30 
1, 047  00 
9, 739  84 

639  80 

$807  70 

893  90 
1,4U1  80 
2, 424  00 

778  80 

405  20 
733  70 
737  00 
1, 256  70 
6,264  36 
413  40 

$360  00 

855  00 
1.290  00 
2,200  00 

780  00 

860  00 
O.'iO  00 
650  00 
1,  050  00 
5, 173  48 
870  00 

$25. 771  17 

57,973  53 

00,660  14 

157, 087  61 

50, 542  75 

26.252  06 
47,539  67 
47, 756  07 
81. 352  23 
406.  624  81 
26,777  72 

M.551feet.. 

1,770  feet... 
8,805  feet... 
21,095  0  ... 

8,055  U  .... 

4.125  D  .... 
7.31 5  feet... 
3,773  feet. . . 
6.987  feet... 
35.083  feet.. 
4,041  a  .-.■ 

$16.66  p.  ft 

$32.75  p.  ft 
$11  p.  ft 
$7.85  p.  a 

$6.30  p.  D 

$6.40  p.  D 
$6.50  p.  ft 
$12.66  p.  ft 
$11.66  p.  ft. 
$11.60  p.  ft. 
$6.65  p.  a 

Main  dikea 

Tuwbead   bank   pro- 
tectiun. 
OaoeoU: 

Lower  bar  bank  pro- 
tection   

Upper  bar  bank  pro- 
tection  

TTDPer  dike 

liiddlndike 

Croi^s  dikea 

Gold  Dual  dikea 

Aabport  bank  protection. . 

Totala 

24,861  34 

15, 706  56 

!l3, 738  48 

1,018,537  76 

*  Of  the  1.551  feet  marked  *,  1,500  were  incomplete,  and  are  eatimated  aa  750  feet  completed. 

NOTB. — The  sign  Q  meana  aQuarea  of  100  aqannt  feet. 

liethoda  of  piirchaae  and  traimfer  of  plants  jtaid  fi>r  oat  of  the  6rat  appropriation  eapeciallj,  have 
made  it  ImpnaHible  to  diatingulAh  i)eiwe<'n  repair,  outfit,  and  constructiou  of  plant  The  amounta  in 
the  column  headed  "Repair  and  outfit  of  plain"  are  determined  by  deducting;  from  all  paymenta  lor 
plant  auch  amounta  aa  appear  in  another  table  aa  "Approximate  fifat  coat  of  plant" 

The  reports  of  the  assistantB  annexed  (Appendices  J 1  to  J  7)  describe  in  detail  the 
work  done.  By  no  means  the  least  imi>ortant  report  is  that  of  United  States  Assistant 
Engineer  W.  U.  Powless,  in  charge  of  surveys,  to  which  is  attached  two  sheets  show- 
ing the  part  of  the  reach  under  inipmvenient,  hydrographs  of  1882  and  1883,  and  one 
sheet  showing  a  comparison  of  areus  of  sections,  mean  depths,  and  profiles  (Platens  I, 
VIII.  and  IX).  Methods  of  administration  and  of  construction,  and  a  partial  description 
of  plant,  are  set  forth  in  the  report  of  Assistant  A.  J.  Frith  (Appendix  J  1,  and  Plates 
VI  and  VII^j  and  a  description  of  one  of  the  hydraulic  graders,  with  cost  of  work  and 
forms  nsed  m  collating  iurorraation  by  which  to  determine  this  cost  and  the  efficiency, 
is  set  forth  in  the  report  of  Assistant  S.  P.  Hatfield.  (Appendix  J  6.)  To  all  of  the 
assistants  credit  is  due  for  energy  and  judgment  displayed  under  conditions  at  times 
far  fiHim  encouraging,  and  especially  is  it  due  to  Ansistants  Frith,  Powless,  G«nder, 
Molty,  and  Marx.  The  plant  has  at  all  times  been  kept  or  promptly  placed  in  good 
condition  by  Master  Carpenter  Henry  Adkins  and  Mastier  Mechanic  P.  B.  Sexton. 

I  am  also  instructed  to  report  upon  the  results  of  work  so  far  done,  and  in  so  doins 
I  am  guided  chiefly  by  a  study  of  comparative  sections,  which,  though  not  attached 
to  this  report,  have  served  as  a  basis  for  the  sheet  relating  to  sections  and  profiles  at- 
tached to  Assistant  Powless's  report  (Plate  IX).  These  sections  were  measured  De- 
cember, 18"^,  to  February,  1883,  and  September  to  October,  1883 ;  the  stages  of  the 
river  during  these  months  are  shown  on  the  hydrographs  (Plate  VIII).  During  the 
former,  the  river  rapidly  rose  from  nearly  its  lowest  to  its  highest  stage,  and  during 
the- latter  mouths  it  was  essentially  at  a  low  s^ge.  The  high  water  only  affected  the 
Citmparisons  of  sections  17  to  :i5,  and  these  but  slightly,  if  at  all,  as  the  rise  was  from 
the  Ohio,  comparatively  free  from  silt,  and  had  not  more  than  set  in  before  the  com- 
pletion of  the  survey.  During  the  low  water  of  18«2  the  river  was  not  gauged; 
therefore,  no  comparisons  of  river  di8<!harge  can  be  made. 

From  a  summary  presented  in  Assistant  Powless's  reports,  it  will  be  seen  that  between 
the  periods  of  the  low  waters  of  18S2  nud  1H8:)  there  hiis  been  a  decrease  of  0.9  foot,, 
or  6  per  cent.,  in  low-water  mean  depth,  one  of  4,728  square  feet,  or  9.5  per  cent.,  in 
low-water  mean  sectional  area,  and  of  109  square  feet,  or  3.3  per  cent.,  in  low-water 
mean  sectional  width.  Theso  are  doubtless  the  results  of  the  three  hi^h-water 
stages  of  last  spring.  The  volnnu'  of  fill  b<  low  ordinary  high-water  mark  is  nearly 
three  times  that  of  scour;  below  low-water  mark  the  till  is  4.6  times  that  of  scour. 
It  will  be  seen,  however,  that  the  low- water  channel  depths  are  greater  this  season 
than  last  in  the  following  vicinities:  Htinges  33,  34,  and  35,  outside  and  about  the 
middle  of  Elmot  Bar;  Range  4X,  ojiponite  the  middle  entrance  to  Osceola  Chute; 
Ranges  48  and  49,  in  the  crossing  from  Plum  Point  to  Bullerton  Chute;  Range  53,  at 
the  foot  of  Bullerton  Chute;  Ranges 58.  59,  and  60,  at  the  head  of  Yankee  Bur,  and 
Ranges  63,  64,  65,  and  ()6,  on  the  upper  side  of  Craighead  Point.  The  locality  of  chief 
interest  is  that  of  the  crossing  from  Plum  Point  to  Bullerton  Towheail.  I  am  in- 
formed that  in  past  years  this  ha^  been  the  troublesome  place  of  the  Plum  Point 
Reach.    Certainly  there  has  here  been  an  increase  of  channel  depth  of  Irom  7  to  9  feet, 
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which  is  probably  dae  to  the  contraction  produced  by  the  apper  and  lower  sections  of 
the  Osceola-Ballerton  dike.  It  is  true  that  an  efibrt  was  made  to  join  these  sections. 
Hsd  this  effort  met  with  snccess,  it  is  believed  that  diverting  a  large  portion  of  so 
Itrge  m  body  of  water  as  that  going  through  Bullerton  Chute  would  not  have  failed 
to  give  results  at  this  crossing  equally  good  with  those  obtained.  In  front  of  Buller- 
ton Towhead  there  has  been  rather  a  redistribution  of  material  than  an  increase  of 
effective  low- water  area;  but  this  redistribution  has  been  such  that  the  deeper  water 
ii  found  to  coincide  with  the  desired  new  channel.  When  the  Plum  Point  system  of 
dikes  is  more  nearly  completed,  I  can  see  no  reason  for  doubting  that  there  will  be  a 
ehannel  of  at  least  ten  feet  at  low  water  in  front  of  this  towhead. 

Immediately  behind  the  Gold  Dust  main  dike  the  bar  crest  has  raised  10  feet, 
noging  from  12  to  25  feet  above  the  level  of  the  low  water  of  1879;  the  latter  figure 
is  reached  on  «the  first  range  above  Elmot  Bar,  No.  31.  The  fill  runs  out  to  nothing 
iboat  600  feet  in  rear  of  the  dike. 

Consideration  of  the  results  gained  is  rather  premature.  Over  the  greater  portion 
•f  the  reach  the  works  are  in  coo  incomplete  a  state  to  be  judged  by  results.  Such 
Jadgment  should  be  deferred  at  least  until  dikes  in  course  of  construction  are  com- 
pleted, and  the  Arkansas  shore  from  Mill  Bayou  to  Osceola  Chute,  Osceola  Bars,  and 
Ballerton  Towhead  are  revetted. 

Below  are  given  the  works  so  far  planned  and  still  unexecuted,  and  an  estimate  of 
the  cost  of  their  completion : 

Asbport  revetment,  19,600  feet,  at  $12 $23.5,200  00 

Pletchert  revetment,  2:^,520  feet,  at  $12 , 282,240  00 

Osceola  Bars  revetment,  13,720  feet,  at$12 164,640  00 

Yankee  Bar  revetment,  7,840  feet,  at  $12 94,080  00 

Craighead  Point  revetment,  15,000  feet,  at  $12 ,..  180,000  00 

Gold  Dnst  dikes,  10,300  feet,  at  $12.25 126,175  CO 

Plnm  Point  dikes,  19,250  feet,  at  $12 231,000  00 

Osceola  No.  3  dike,  1,000  feet,  at  |12.25 12,250  00 

Bollerton  No.  1  dike,  700  feet,  $34. 50 24,150  00 

Bullerton  No.  2  dike,  1,000  feet,  at  $25... 25,000  tO 

1,374,735  00 

The  approximate  first  cost  of  plant  now  employed  at  Plum  Point  is  as  follows : 

82b»rges $48,000  00 

16 quarter-boats 58,320  00 

8 mattress-boats 43,310  00 

Derrick-boat  No.  1 5,200  00 

Derrick-boat  No.  2 4,700  00 

2 hydraolic  graders 60,464  00 

Mpilo-drivers 62,300  00 

2pile-driver8 10.640  00 

ipilo-drivers 9,240  dO 

6  Whitehall  boats 339  00 

22skiffs 5:^6  50 

»8kiffB 580  00 

Wskiffs 300  00 

I  steamboat 11,740  00 

liteam-tug 9,500  00 

1  steam-launch  (sunk) 3»200  00 

Isteam-launch ! 1,500  00 

Paid  from  Plum  Point  allotment 329,669  50 

1  machine-shop  boat $8,200  00 

Spile-drivers    26,625  00 

18  barges 34,045  00 

Paid  from  New  Madrid  allotment 68,870  00 


398,739  50 


BTATXlffBMT. 


AUatment  from  appropriation  of  March  3, 1881 $500,226  67 

AUotment  from  appropriation  of  August  2,  1882 1,000,000  00 

1,600,226  07 
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Disbursed  by  Captain  Quinn $4*20, 163  58 

Disbursed  by  Captain  Sears 298,866  96 

Disbursed  by  Captain  Knight 619,323  24 

Total  disborsemente  to  Noyember  1, 1883 $1,338,353  78 

Balance  on  hand  November  1,  1883 161,872  89 

This  balance  is  accounted  for  as  follows : 

In  the  United  States  Treasury $31,000  00 

In  the  hands  of  Captain  Sears 25,365  15 

In  the  hands  of  Captain  Knight 0     105,507  74 

161, 872  89 

The  third  of  these  balances  had  been  reduced  by  Noyember  26, 1883,  to  the  follow- 
ing  amount,  $51,180.51. 

SUMMARY. 

« 

The  following  table  shows  all  expenditures  made  for  the  first  district  Mississippi 
River  up  to  Noyember  1,  and  also  includes  $22,319.45  of  liabilities  incurred : 
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I  1. 

report  or  arthur  j.  frith,  as8i8tairr  rnoinerr,  upon  operations  on  the  plum 

point  reach. 

United  States  Enginerr  Office, 

Mlmot^  Ark,,  November  5,  1S83. 

Captain:  I  respectfully  submit  herewith  a  report  upon  the  administration  of  the 
work  under  my  immediate  charc^e  during  the  past  year — the  plant  used,  methods  of 
construction  employed,  and  methods  of  quartering  and  subsisting  the  employes. 

Previous  to  the  removal  of  your  office  to  Cairo,  I  act«d  as  executive  engineer  in 
oharg^e  of  construction  under  your  immediate  supervision,  and  fulfilled  like  dntiei 
for  Lieut.  Thomas  W.  Symons,  Corps  of  Engineers,  while  he  was  in  charge  of  opera 
tions  at  Plum  Point,  from  January  to  June,  18d3.  Since  his  departure  I  have  had 
immediate  supervision  of  all  work  of  constrnction  and  repairs  relative  to  the  im- 
provement of  this  reach.  I  have  been  ably  assisted  by  the  assistant  ensineers  iu  local 
charge  of  vtuious  sections  of  the  work.    Their  duties  have  been  as  follows  : 

All  surveys  aud  gauging  observations  and  the  preparation  of  all  maps  and  tables 
of  results  made  during  the  year  have  been  conducted  by  Assistant  Engineer  W.  fl. 
Powless  and  party. 

In  charge  of  mattresses  and  pile  dikes  at  Gk>ld  Dust,  Assistant  Engineer  G^eorge  W. 
Gender,  assisted  by  Messrs.  W.  L.  Seddon  and  W.  A.  Goulil. 

In  charge  of  mattresses  and  pile  dikes  at  Plum  Point  and  in  Bullerton  Chute,  Aa- 
sistant  Engineer  F.  A.  Yeager. 

In  charge  of  mattresses  and  pile  dikes  upon  Osceola  Bar  and  in  Osceola  Chutes,  Ab- 
sistant  Engineer  Charles  D.  Marx. 

In  charge  of  mattressing  of  Bullerton  Towhead,  Assistant  Engineer  Aug.  J.  Nolty, 
while  Assistant  Engineer  S.  P.  Hatfield  has  had  charge  of  Grader  No.  4  and  its  opera- 
tions at  various  localities. 

To  keep  strict  supervision  on  field  operations,  these  gentlemen  have  had,  for  pile, 
driving,  fleet  foremen,  directing  the  foremen  of  pile-drivers,  and  for  mattress  work, 
one  head  foreman,  and  from  one  to  three  sub-foremen,  as  found  necessary. 

The  care  of  quarters,  property,  and  clerical  work  is  intrusted  to  a  boarding  master 
on  each  large  quarter  boat,  under  the  supervision  of  an  assistant  engineer. 

Daily  reports  from  each  pile-driver,  showing  depth  of  water,  number  of  piles  driTen, 
number  of  riders  erected,  piles,  drift-bolts,  and  staples  used,  are  received  by  each  as- 
sistant in  charge  of  dike  construction,  and  all  assistants  submit  to  this  office  ten-day 
reports  of  progresi*,  material  received,  subsistence,  and  delays  and  difficulties  en- 
countered. 

Repairs  of  plant  are  in  charge  of  a  master  mechanic  and  a  master  carpenter,  who» 
with  their  forces,  are  stationed  at  headquarters,  as  are  all  the  necessary  clerks  anj 
commissary. 

plant. 

For  the  prosecution  of  the  work  we  have  had  :  3  tow-boats,  1  steam  launch,  I  ma- 
chine-shop boat,  2  derrick  boats,  23  pile-drivers,  9  mattress  boats,  50  barges,  1  coal 
flat,  16  quarter  boats. 

Piledrivera. — All  drivers  furnished  are  designed  to  sink  the  piles  with  a  hydraulic 
Jet,  assisted  by  a  heavy  hammer  when  stiff  soil  or  unyielding  material  is  enconnterad. 
Of  these  there  are  two  kinds. 

First.  Drivers  with  30  feet  leads,  which  are  those  originally  built  on  the  work] 
for  driving  both  straight  and  inclined  piles.  These  have  been  altered  so  far  as  per- 
manently fixing  the  leads  for  straight  driving,  stiffening  the  leads,  etc. 

Second.  Those  with  35  aud  45  feet  leads  arranged  to  drive  over  the  side.  These  in- 
clude all  those  furnished  during  the  past  year,  upon  which  few  alterations  have  been 
made,  except  bracing  and  stiffening  the  leads  and  frames.  This  form  has  proved  mors 
convenient  than  No.  1,  especially  those  with  high  leads,  and  carrying  heavy  double 
pumps,  with  12x10  inches  steam  cylinder,  6x10  inches  water  cylinder,  and  delivering 
water  at  60  pounds'  pressure  at  the  nozzle  and  90  pounds  at  the  pump.  They  gtv« 
greater  progress  in  the  heavy  clay  aud  gravel  encountered.  The  lighter  pumpe, 
capable  of  delivering  .300  gallons  per  minute  at  moderate  prebsure,  are  efficient  in  or- 
dinary soils;  but  as  the  resistance  to  driving  increases,  the  use  of  the  2,000-pooDd 
hammer  becomes  imperative.  All  drivers  are  provided  with  these  hammers,  raised 
by  a  permanent  line,  by  which  light  and  rapid  blows  are  delivered,  and  their  employ- 
ment is  necessary  to  penetrate  mattresses  and  many  strata  that  are  encountered. 
Experience  with  the  Jet  has  developed  the  belief  that  1^  to  2  inches  diameter  is  more 
efficient  than  the  smaller  size. 

From  twenty  to  twenty-three  piles  a  day  have  been  driven  under  favorable  oiroom- 
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iteoces;  bat  when  deep  water,  Tarying  strata,  moviug  braces,  fastening,  and  other 
delays  are  encountered,  twelve  piles  is  a  fair  day's  average. 

These  drivers  are  capable  of  being  eniployeii  in  45  feet  of  water  and  considerable 
enrrent,  bnl  efficient  driving  i8  ditticiilt  in  water  over  30  feet  in  depth  and  in  violent 
«aiTents. 

Mattress  boats,  -  At  the  commencement  of  the  year  we  had  in  all  six  mattress  boats: 

Two  '212  feet  in  length  for  200- foot  matti esses. 

Three  100  feet  in  length  for  100-foot  mattresses. 

One  175  feet  in  length  for  150- foot  mattresses. 

Of  these,  two  are  designed  for  mattresses  with  <i  wire  base;  the  others  for  mat- 
treses  woven  on  poles.  We  have  since  received  three  boats  160  feet  in  length,  also 
for  pole  mattresses.  The  design  of  these  boats  is  not  exactly  similar  but  experience 
has  tanght  that  the  main  requisites  for  the  pole  mattress  are  an  ample  platform  on 
the  lower  side;  ways  with  a  slope  of  1  foot  in  'S^  feet  running  close  to  the  water,  but 
not  too  far  over  the  edge  of  the  barge,  also  capstans  at  the  eudd  for  ready  handling, 
and  a  liberal  number  of  chocks  and  kevels  for  fastening  lines. 

Quarter-boats, — There  are  now  in  service  twelve  quarter- boats,  including  that  used 
as  office  and  headquarters,  and  one  for  storing;  supplies.  At  the  conmieucement  a 
frame  building  on  an  ordinary  brush  barge  fuliilled  all  requirements,  but  the  incon- 
veniences and  discomforts  of  this  form  led  to  the  building  of  the  type  now  in  use,  and  in 
which  it  was  endeavored  to  combine  all  that  is  necessary  for  the  health,  comfort,  and 
safety  of  the  employ6s.  Mo»«t  of  these  boats  were  built  upon  the  works,  and  consist 
of  asonnd  coal  barge,  the  hull  of  which  is  used  for  kitchen,  stores,  and  dining-room, 
the  npper  works  containing  rooms  for  assistant  in  charge  and  foreman,  and  sleeping 
quarters  for  the  men.  These  boats  are  provided  with  life  line  and  tloats,  and  buckets 
and  water-barrels  to  be  used  in  case  of  fire,  and  accommodate  124  in  all,  including 
officers,  cooks,  and  men. 

Graders, — Two  hydraulic  graders.  No.  2  and  4,  have  been  allotted  to  work  on  this 
reach. 

No.  2,  during  the  fore  part  of  the  year,  was  in  use  at  Memphis,  and  was  later  held  in 
reserve  nntil  on  September  26,  when  about  to  be  used  in  Elmot  Chute,  it  was  sunk 
and  disabled.     It  hius  since  been  raised*,  and  is  now  in  progress  of  repair. 

No.  4  has,  except  during  the  high  water,  been  in  almost  constant  use  during  the 
year,  the  work  done,  being  highly  elfieiout  and  satinfactory. 

Tbese  graoera  are  each  fitted  with  three  boilers  22  feet  long  by  40  inches  diameter  of 
shell,  doubl>^  compound  coudensing  pumps  with  18  and  :(t5  inch  by  24  inch  steam 
cylinders,  and  16  by  24  inch  water  cylinders,  and  deliver  2,000  gallons  a  minut«  into 
an  iron  pipe  boom,  reaching  up  the  bank,  and  from  which  lead  the  hose  to  the  various 
working  nozzles.  Two  l^-  and  one  If  inch  nozzles  are  ordinarily  used,  with  pump 
pressare  of  110  pounds  and  nozzle  pressure  of  80  pounds,  the  efficiency  of  water  cylin- 
der being  almost  80  per  cent.  The  woven  cotton  hose  has  proved  in  uKe,  the  most  re- 
liable. One  grader  has  removed  from  1,800  to  4,000  cubic  yards  of  earth  per  day,  at 
an  average  cost  of  2.98  cents  a  yard,  including  wages,  coal,  subsistence,  4&c.  Each 
grader  is  provided  with  electric  lights  for  night  work. 

Barges, — To  supply  material  to  various  parties  there  are  used  fifty  barges.  100  by  25 
feet,  and  one  smaller  barge,  used  for  coal.  Many  of  these,  constructed  with  a  view 
to  carrying  light  brush,  have  broken  down  under  the  heavy  willows  generally  fur- 
nished. Those  received  later  in  the  year  and  others  altered  here  are  better  propor- 
tioned, having  6-foot  gunwales  and  two  4-inch  fore-and«^aft  bulkheads,  heavy  head- 
blocks  and  bits,  and  carry  150  cords  of  brush  or  2U0  cubic  yards  of  rock.  There  are 
among  the  general-service  barges  some  30  by  120  foot  barges  carrying  330  cubic  yards 
of  rock.  These  are,  however,  difficult  to  handle  in  heavy  currents  when  sinking 
mattresses.  ^ 

BfETHODS  OF  CONSTRUCTION. 

PiU  dikes, — ^The  dimensions  of  piling  used  during  the  year  were  iticreased  over  thoss 
previously  accepted,  by  increasing  the  least  size  at  the  top  to  8  inches  from  6,  the 
maximam  limit  at  the  foot  being  18  inches.  Cottonwood  piles  form  the  bulk  of  the 
material  used,  though  considerable  cypress  has  been  received.  The  piling  was  re- 
ceived in  rafts  landed  at  points  above  the  localities  where  each  piece  of  work  was  in 
progress,  and,  when  practicable,  dropped  in  small  sections  to  the  drivers ;  if  not, 
the  derrick  boat  loaded  100  to  140  of  them  on  barges  which  were  towed  to  conveni- 
ent localities  for  sorting  and  distribution. 

The  cross-section  of  dikes  used  in  the  early  months  of  the  year  is  shown  in  Plate  VI, 
Fig.  1,  with  spacing  of  7^  feet  between  each  truss.  As  a  considerable  portion  of  this 
dike  was  destroyed,  with  your  iiermission  I  undertook  an  investigation  to  determine 
a  form  of  dike  which  should  combine  an  equality  of  resistance  coupled  with  ecouomy 
of  material  and  a  liberal  factor  of  safety,  and  of  proportions  that  could  be  maintained 
in  all  depths  of  water.  The  difficulty  of  determining  exact  data  for  these  calculations 
throwssome  ambiguity  into  the  whole  subject;  still  it  is  beUeved  that  the  form  chosen 
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and  since  U8ed  is  the  best  that  our  facilities  allow,  and  since  low  figures  were  takeu 
on  doubtful  points,  can  be  relied  upon  to  withstand  the  destroying  forcea  of  the  river. 

Mach  of  the  dike  work  now  iu  place  was  constructed  before  a  satisfactory  form  wii» 
adopted,  but  the  design  used  since  about  May,  1883,  is  that  shown  in  Plate  VI,  Figs.  3 
and  4,  iu  which  the  width  equals  twice  the  height  of  the  dike.  Up  to  10  feet  in  hei||ht' 
a  single  row  of  piles  is  used  ;  from  10  to  20  feet,  the  form  shown  in  Figs.  3  and  4  with 
a  single  pile  in  front  rows;  from  20  to  30  feet,  a  cluster  of  two  piles  is  used  in  front 
row ;  from  30  to  40  feet,  a  cluster  of  three  piles;  from  40  to  45  feet,  a  cluster  of  four 
piles,  each  pile  in  the  cluster  having  its  own  cable.  After  35  feet,  double  or  treble 
piles  are  used  in  middle  and  back  rows. 

The  entire  dike  is  cross-braced  on  top  to  prevent  an  v  racking  motion  while  nnder 
strain,  and  the  intersections  of  piles  and  riders  are  well  wired  and  drift-bolted.  The 
cables  used  contain  six  strands  of  No.  8  wire  or  eighteen  strands  of  No.  12,  and  have 
a  large  factor  of  safety  to  resist  deterioratiou.  By  varying  the  spacing,  any  degree  of 
strength  can  be  obtained.  The  spacing  used  htvs  varied  between  6  and  9  feet.  This 
design  is  calculated  to  balance,  in  varying  depths  of  water,  the  tendency  to  complete 
overturning  of  the  dike,  to  destruction  of  each  member  by  direct  strain  ,and  to  the 
cential  breaking  of  the  front  pile  by  the  pressure  of  the  water.  It  will  probably  be 
found  advisable  in  future  construction  to  replace  the  wire  cables  by  iron  tie  rods,  with 
some  means  for  quick  and  eaMy  coupliug  of  the  short  rods  to  suit  the  varying  lengths^ 
desired. 

The  soft,  permeable  and  unstable  soil  in  which  the  dikes  are  driven  is  one  of  the 
main  causes  of  their  failure,  and  oue  of  the  most  difficult  obstacles  to  guard  against. 
Heavy  mattressing  of  the  fm)t  of  the  dike  set-uis  to  be  alone  capable  of  obviating  this; 
but  with  the  horizontal  u^attresses  used  during  the  first  months  of  the  year,  instances 
have  occurred  in  which  the  current  has  passed  completely  under  them ;  hence  th-^  f^^^^' 
age  mattress,  formed  of  two  layers  of  brush  at  right  angles,  held  together  by  a  mime 
ol  poles  wired  through  and  through,  the  whole  beiug  sunk  between  the  rows  of  pil- 
ing, and  the  footmats  iu  front  of  the  dikes,  have  not  lately  been  sunk  flat  upon  the 
bottom,  but  are  arranged  as  shown  iu  Fig.  3,  A  being  the  grillage,  and  C  the  tipped 
mattress,  which  takes  the  place  of  the  footmat  in  all  but  main  dikes.  Very  good  re- 
sults were  obtained  with  grillage  thus  arranged  at  Gold  Dust  this  spring.  The  tip- 
ped matress,  which  is  iu  part  a  curtain,  has  been  made  from  30  to  100  feet  wide,  and 
from  100  to  150  feet  loug,  the  inclined  portiou  being  supported  on  piling  or  heavy  poles. 
This  form  has  a  teutlency  to  throw  the  current  upwards,  thus  inducing  at  nrtit  a 
deposit  iu  the  angle  B  which  will,  it  is  believed,  increase  iu  a  manner  similar  to  sand 
waves.  It  has  the  further  advantai^e  of  following  up  a  scour  with  all  the  force  of  the 
impinging  current,  while  the  tipped  grillage  in  the  rear  prevents  a  destructive  action 
of  the  induced  eddy. 

To  avoid  the- destroying  action  of  drift,  experienced  with  portions  of  dikes  driveu 
at  high  water,  dikes  are  now  built  up  to  the  15-foot  stage,  rising  to  25  feet  as  they 
approach  the  shores,  which  are  guarded  against  scour  by  thorough  mattressing  at  the 
extremities  of  the  dike  (Fig.  4).  On  high  dikes,  an  immense  accumulation  of  drift 
occurs  at  high  water,  which  rendered  all  work  at  this  stage  during  last  spring  ex- 
tremely difficult  and  unsatisfactory. 

For  operations  at  this  stage  an  extra  row  of  piles  should  be  driveu  in  front  of  the 
dike  to  bold  back  the  drift  until  mattresses,  &.c.,  are  completed,  after  which  it  may 
disappear  or  not,  as  in  the  design  it  is  not  considered  as  part  of  the  dike.  In  the  de- 
structive action  of  drift  it  is  not  so  much  the  actual  pressure  which  is  to  be  feared,  aa 
this  is  much  less  than  is  generally  iiclieved,  but  that  the  accumulation  of  floating 
material  contracts  the  section  of  discharge  aud  causes  a  scour  below  equal  to  its  own 
depth,  aud  thus  teudsto  destroy  the  structure,  if  this  scour  can  be  guarded  against 
the  drift  offers  a  great  and  useful  resistance  to  the  current,  and  in  the  case  of  Osceola 
oroBs-dike,  No.  1  (Fig.  2),  whefe  the  drift  is  600  feet  wide  by  1,200  feet  long,  the  current 
in  the  chute  almost  entirely  ceased  merely  from  resintance  to  the  flow  of  water  offered 
by  the  lower  surface  of  the  drift,  and  has  caused  a  heavy  deposit  both  above  and  be- 
low it,  while  the  pressure  against  tli  •  dike  cannot  be  greater  than  that  of  a  head  of 
water  equal  to  the  total  high-water  fall  of  the  chute  The  drift  is  10  feet  thick  at 
the  dike,  rising  to  nothing  on  outer  edge,  and  haa  scoured  out  the  soil  beneath,  an 
amount  equal  zo  its  own  thickness.  This  dike  suggests  a  useful  employment  of  a  very 
troublesome  material,  especially  in  localities  where  the  depth  at  high  stages  of  th<f 
river  is  not  such  as  to  totplly  prevent  piles  being  driven,  and  may  be  the  most  efficient 
form  of  obstruction  for  high- water  dik^-s. 

Mattresses, — Ihe  willow  brush  has  been  furnished  by  contract,  and  has  been  ac- 
cepted from  2  to  5  inches  at  the  butt  and  forty  feet  long.  The  contractors  furnish  it 
loaded  on  barges  at  their  various  camps  frmi  whence  we  tow  it  to  the  parties  utieding 
it.  Rainy  weather  and  the  soft  condition  of  the  localities  where  it  is  obtained  have 
kept  the  supply  of  brush  almost  constantly  below  the  requirements,  from  which  trouble 
and  delay  have  been  suffered  throughout  the  year. 
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Several  methoda  of  constructiDg  mattresses  have  been  followed,  governed  by  their 
localities  and  the  work  toey  were  expected  to  perform. 
They  may  be  classified  as  follows : 
Ist.  Shore  niattresH  for  the  protection  of  the  banks. 
2d.  R«*Yetment,  or  protection  of  high-water  slopes. 
3d.  Foot  mattress,  for  protection  of  dikes. 
4th.  Tipped  mattress. 
5th.  Grillage  mattress. 

1st.  Shore  mattres!«es  for  the  protection  of  caving  banks  have  been  made  in  widths 
varying  from  100  to  150  feet  and  lengths  governed  by  the  difficulties  in  sinking.  When 
no  particular  clanger  is  U*  be  anticipated,  this  mattress  may  be  continuous  to  almost 
m^  length.  Two  varieties  have  been  in  use:  Ist^that  used  by  M^or  Ernst  below 
Saint  Louis,  where  the  willows  are  woven  on  poles,  preferably  of  sycamore,  7  to  8 
feet  apart,  Plate  VII,  Fig.  5,  and  forming  a  stiff  and  strong  mattress,  of  which  170 
feet  a  day  have  beeii  made  with  light  brush  and  under  favorable  circumstances.  Thia 
mattress  is  easy  of  construction  and  has  been  mostly  used  during  the  year. 

2d.  There  has  also  been  used  along  the  face  of  Bullerton  a  100-foot  mattress  woven 
cms  wire  base,  the  willows  being  interlaced,  as  shown  in  PIat4)  VII,  Fig.  6,  forming- 
»  mattress  which  is  extremely  pliable  and  hence  more  easily  sunk.  It  is  not  so  easily 
eoDstmcted  as  the  first,  but  a  slightly  greater  average  length  a  day  has  been  obtained^ 

The  majority  of  brush  furnished  lately  has,  unfortunately,  been  too  large  and  heavy 
to  obtain  the  best  results. 

As  the  Hhore  mattresses  are  niaile  they  are  guyed  to  the  shore  by  1^  to  2  inch  lines^ 
which  are  removed  as  they  are  sunk. 

The  mattresses  are  fastened  to  the  shore  by  wire  cables  or  wires  at  frequent  inter- 
vaU  aDd,  ^  hen  necessary,'piles  have  been  driven  throngh  the  mattress  to  prevent  any 
.movement. 

When  a  stretch  of  mattress  1,000  or  more  feet  in  length  is  to  be  sunk,  great  care 
must  be  used.  In  light  currents  the  most  rapid  and  easiest  method  (Plate  VII,  Fig 
7)i8  to  commence  sinking  at  the  head,  keeping  the  inner  side  of  the  mattress  sunk  a 
little  ill  advance,  and  carefully  sounding  to  see  that  it  does  not  rise  after  the  force  of 
the  current  is  removed.  It  will  be  perceived  that  the  weak  point  is  in  the  corner  (A) 
where  tb*^  sharp  bend  tends  to  break  the  poles  or  willowH,  and  where  there  is  nothing 
t0T«$8ist  the  downward  pull  of  the  current  but  the  flotation  of  the  mattress. 

When  the  water  is  very  rapid  it  has  been  our  practice  to  commence  sinking  at  the 
lower  end  (Plate  VII,  Fig.  8)  where  the  nhore  side  is  also  kept  sunk  a  little  ahead. 
Thin  necessitates  the  drawing  of  stone  barges  up  stream,  which  even  in  the  slack- 
water  behind  the  mattress  is  troublesome  and  takes  much  time;  still  it  has  proved 
mach  the  safer  method,  as  there  i^  little  chance  of  sharp  bends  and  broken  willows 
or  the  loss  by  collapsing  of  an  entire  mattress  from  a  single  accident.  It  is  believed 
that  with  this  method,  when  the  mattress  is  made  sufficiently  strong,  especially  on 
the  oater  edge^  and  has  been  sufficiently  guyed,  that  a  collapse  or  entire  loss  is  simply 
impo»8ible.  In  October,  18«3,  on  Bullerton  1,800  feet  of  mattress  were  sunk  in  40 
feet  of  water  with  a  five-mile  current.  This  mattress  was  built  on  a  netting  formed 
of  wire  cables  such  as  were  used  on  the  dikes;  still,  at  first,  it  proved  too  light  and 
broke,  yet  but  75  running  feet  were  lost.  It  was  then  strengthened  until  we  had 
three  cables  on  the  outer  edge  and  extra  poles  and  wire  on  the  outer  50  feet,  when  it 
wa«8nnk  in  place  in  perfect  shai»e  without  difficulty. 

We  have  been  extremely  fortunate  in  sinking,  and  except  when  a  mattress  was  torn 
bodily  from  its  fastenings* by  drift  at  high  water,  but  very  little  has  been  lost.  Great 
ttre,  however,  is  always  necessary  to  see  that  the  rock  is  uniformly  distributed,  and 
that  the  mattress  is  thoroughly  down  in  every  part. 

Oar  mattresses  have  averaged  from  one  half  to  three-fourths  of  a  cord  of  brush  to- 
the  100  Hquare  feet,  which  is  sunk  with  from  three- fourths  to  one  and  one-fourth  cubic 
yards  of  rock,  more  being  necessary  with  the  second  method  of  sinking  than  with 
the  first. 

2d.  Revetment  for  the  protection  of  high-water  bank,  which  should  previously 
h«  graded  to  the  requirfd  slope,  is  composed  of  a  frame  of  stout  poles  with  12  to  15- 
foot  Mjnares  (Fig.  4)  well  wired  at  the  intersections;  over  this  a  heavy  layer  of  brush 
is  placed,  then  a  second  frame  on  top,  the  whole  being  sewed  and  wired  through  and 
throajfh.  This  is  to  form  a  base  for  a  covering  of  rock  ptace^l  almost  in  juxtaposition,, 
though  frequently  we  have  been  obliged  to  content  ourselves  with  just  sufficient  rock 
to  keep  brush  in  place.  The  great  enemy  of  a  revetment  is  the  flow  of  subsoil  water 
^m  the  bank;  the  drainage  of  low  lands  in  the  rear  has  greatly  lessened  this  evil. 

3d.  Foot  mattresses  placed  at  the  foot  of  pile  dikes  have  been  made  from  50  to  100 
feet  wide,  and  in  C'lnstmciion  do  not  diflVr  from  those  made  for  protection  of  the  bank. 
Tbey  are  easily  sunk  even  in  rapid  currents,  by  starting  at  the  head  and  keeping  tho 
creaiie  of  the  mattress  in  the  general  direction  of  the  current. 

4th  and  5th.  Tipped  and  grillage  mattresses  have  already  been  thoroughly  discussed 
^er  the  head  of  dikes.    To  sink  the  former  in  heavy  currentSf  especially  when  ih» 
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direction  of  the  dike  lis  acroes  the  flow  of  the  most  rapid  water,  th^  have  been  made 
in  short  sections  thoronghly  fastened  with  lines,  and  the  inner  edge  sunk  until  the 
supporting  wires  are  in  tension  when  the  stiffness  of  tlie  mattress  allows  the  outer 
edge  to  go  down  without  much  trouble. 

QUARTERING  AND  SUBSISTING  OF  MEN. 

With  the  large  force  of  laborers  employed,  it  became  necessary  to  attend  to  the 
comfort,  health,  and  safety  of  the  men,  and  it  is  believed  that  the  form  of  quarter- 
boat  already  mentioned  meets  all  that  is  required  without  nnuecessary  expense. 

These  boats  are  used  exclusively  by  the  mattress  parties,  each  quartering  from  100 
to  125  men  in  all,  who  are  provided  with,  and  held  responsible  for,  mattresses  and 
bedding.  Bread,  fresh  meat,  and  ice  are  delivered  by  the  tow-boats  each  day,  and 
general  stores  every  15  days  on  requisitions  of  the  boarding  masters  in  charge,  who 
also  furnish  each  month  an  accouut  of  the  amount  used,  number  of  meals  furnished* 
ACf  from  which  the  cost  of  a  ration  is  deduced.  This  has  averaged  about  29  cents 
for  the  raw  and  40|  cents  for  the  cooked  ration  for  one  man  each  day. 

Each  pile-driver  has  quarters  for  its  foremen  and  crew,  while  every  fifth  driver  has 
extra  accommodations  for  kitchen,  dining-room,  and  fleet  foremen,  and  can  furnish 
meals  for  fifty  men. 

A  bakery  was  built  at  Plum  Point  to  furnish  400  to  500  loaves  of  fresh  bread  a  day, 
but  will  soon  be  transferred  to  floating  quarters  as  more  convenient  during  the  higher 
stage  of  the  river. 

Very  respectfully,  your  obetlient  servant, 

ARTHUR  J.  FRITH. 
United  States  AssUtant  Engineer  in  charge. 

Oapt.  John  6.  D.  Knight, 

Corps  of  Engineers, 


I  2. 

BBPORT  OF  GEORGE  W.  GENDER,  ASSISTANT  ENGINEER,   UPON  OPERATIONS  AT  OOIJ> 

DUST,   TENNESSEE. 

Gold  Dust,  Tenn.,  October  31, 1^83. 

Captain:  I  have  the  honor  to  submit  to  you  the  following  report  of  operations  at 
Oold  Dust,  Tenn.,  from  December  1, 1882,  to  October  31, 1883: 

The  present  condition  of  the  work  at  this  point  is  represented  on  the  sketch  for- 
warded with  this  report,  Plate  III;  also  the  total  amount  of  construction  completed^ 
the  notPs  of  which  are  placed  upon  the  sketch.  Stations  were  established  every  100 
feet  to  refer  the  work  to. 

Operations  at  this  locality  were  in  progress  on  the  1st  of  December,  1882,  and  con- 
tinued up  to  this  writing  with  such  interruptions  only  as  were  made  necessary  bj 
nnfavorable  stages  of  water.  This  year  h&n  been  remarkable  for  its  protracted  period 
of  high  water,  which  divided  the  year  into  two  distinct  working  seasons. 

The  work  done  at  this  point  previous  to  December  1,  1832,  consisted  of  a  main  dike 
5,200  feet  long,  from  Station  47  to  Station  99. 

On  December  1,  1H82,  a  force  of  men,  with  their  quarters  and  a  complete  ontfit  for 
eonstructing  footmat,  wan  transferred  from  Ashport  to  Gold  Dust,  and  the  construo- 
tion  of  a  mat  100  feet  wide,  placed  directly  in  front  of  the  main  dike,  was  begun. 

Two  small  mattress  boats,  each  luu  feet  long,  were  used;  one,  commencing  at  the 
up-stream  end  of  the  main  dike  at  Station  97-J-57,  constructing  a  continuous  mat 
1,713  feet  long,  and  the  other,  beginning  near  the  middle  at  Station  74,  constructing 
a  continuous  mat  2,9;M  feet  long,  which  extended  to  the  lower  end  of  the  dike. 

On  the  10th  of  December  a  deet  of  10  pile-drivers  arrived  and  commenced  driving 
on  Cross  Dikes  Nos.  1  and  2.  During  the  first  ten  days  of  J'anuary  this  fleet  was 
increased  to  17  pile-drivers.  These  dikes  were  constructed  after  the  improved  form 
introduced  by  order  of  Mr.  A.  J.  Frith,  assistant  engineer  in  charge,  and  consisted  of 
two  rows  of  piles  14  feet  apart,  with  piles  in  each  row  spaced  7|  feet  between  centers. 
Longitudinal  riders  were  placed  on  the  entire  length  of  both  rows,  secured  to  the 
piling  b^  drift-l>olts  and  wire.  The  two  rows  were  joined  by  horizontal  braces  placed 
m  the  direction  of  the  current  as  near  as  might  be,  and  resting  on  the  riders  of  both 
rows.  They  were  drift-bolted  and  wired  to  pile  and  rider.  This  construction  was 
strengthened  by  wire  cables,  consisting  of  six  strands  of  No.  8  wire,  which  were  fas- 
tened to  the  piles  in  the  front  row  16  feet  (required  penetration)  above  the  lower  end 
of  the  pile,  and  around  pile,  brace,  and  rider  of  the  rear  row. 

After  Cross  Dikes  Nos.  1  and  2  had  been  completed,  with  the  exception  of  a  passage 
way  for  barges  and  material,  the  river  began  rising.  In  order  that  piles  might  be 
•driven  over  that  portion  of  Elniot  Bar,  which  was  exposed  at  low  stages,  pile-drivers 
were  moved  to  the  bar  end  of  Cross  Dikes  Nos.  3,  4,  and  5.  Tlie  water  conttnucKl  to 
rise  and  soon  submerged  the  dikes  when  operations  were  necessarily  suspended,  Feb- 
ruary 21,  with  the  river  ut  a  30-foot  stage.     The  force  was  reduced  and  pile  drivers 
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trmntferred  to  Plamb''Point  to  make  necessary  repairs  and  alterations  for  better  con- 
tinuance of  work. 

Daring  the  time  of  operations  4,899  linear  feet  of  dike  were  driven.  There  were 
also  couHtmcted  4,664  linear  feet  ot  footniat  100  feet  wide  at  the  main  dike,  738  linear 
feet  50  fe«t  wide  at  Cross  Dike  No.  1,  and  1,270  linear  feet  of  footmat  50  feet  wide  at 
Cross  Dike  No.  2.  The  largest  amount  of  footmat  coiistnicted  in  any  one  dav  on  one 
mattress  boat  was  251  linear  feet.  Wattling  10  feet  wide  was  placed  on  the  main 
dike  for  its  entire  length. 

When  the  water  began  rising  there  were  2,420  linear  feet  of  footmat  on  the  surface 
of  the  water  and  no  stone  could  be  procured. 

At  the  lower  end  of  the  main  dike  412  linear  feet  were  still  afloat.     Quantities  of 
drift  crowded  beneath  the  mat,  increasing  the  current  under  the  mat  to  such  an  extent 
that  it  caused  a  deep  scour  at  the  piles.     As  soon  us  this  scour  was  noticed  sacks  were 
sent  for,  but  before  these  were  filled,  loaded,  and  towed  in  place,  this  portion  of  the 
dike  was  scoured  out  and  the  accumulated  raft,  consisting  of  dike  mat,  and  drifl 
proceeding  down-stream  struck  Cross  Dike  No.  3,  which  was  temporarily  able  to  re* 
nst  the  great  pressure,  but  being  unprotected  by  a  footmat,  after  several  days  a  por- 
tion of  it  scoured  out. 

This  mass  of  drift,  driven  hy  the  swift  current,  stnick  Cross  Dike  No.  4  with  irre- 
sistible  force,  demolishing  a  portion  of  that  dyke. 

At  Cross  Dike  No.  1, 7^^  linear  feet  of  footmat,  and  at  Cross  Dike  No.  2,  1,270  linear 
feet  of  footmat  50  feet  wide  were  still  afloat,  and  the  sand  bags  were  used  on  these  with 
iDcceBS.  By  this  time  the  dikes  were  entirely  submerged,  and  the  mats  were  anchored 
by  wires  fastened  to  the  piles.  Sinking  was  done  from  skifin,  as  the  drift  above  and 
the  dike  below  the  mat  prevented  the  use  of  barges.  Sinking  was  very  difficult,  as 
the  carrent  was  at  right  angles  to  the  line  of  the  dike,  and  therefore  had  a  tendency 
to  doable  the  np-stream  edge  under  or  over.  The  mat  being  driven  down-stream  by 
the  drift  and  current,  the  lower  edge  necessarily  landed  on  the  front  piling,  where  it 
lemained  after  tlfe  up-stream  edge  was  sunk. 

On  account  of  the  accumulation  of  drift  in  front  of  the  main  dike,  work  on  foot- 
mat had  to  be  suspended  before  the  upper  section  was  completed,  leaving  the  main 
dike  nnprotected  from  Station  74  to  Station  79-J-60.  The  river  at  this  time  was  at  a 
SO-foot  stage,  rising  at  the  rate  of  one  foot,  per  day,  and  carrying  heavy  masses  of 
drift.  In  its  eflforts  to  follow  the  more  direct  channel  through  Elmot  Chute  the  cur- 
nnt  broke  through  the  main  dike  where  it  was  unprotected  by  footmat  at  Station  75, 
sod  this  mass  of  drift  took  out  a  portion  of  Cross  Dike  No.  2,  represented  on  sketch 
by  the  letters  a  6. 

The  water  rushing  through  this  gap  with  a  velocity  of  not  less  than  5  miles  per  hour, 
And  carrying  heavy  masses  of  drift  which  struck  the  edges  of  the  breach,  breaking  pile 
After  pile,  soon  increased  the  length  of  the  breach,  which  was  again  increased  during 
the  second  rise.    The  gap  in  Cross  Dyke  No.  2  was  not  increased,  the  dyke  being  10 
feet  lower  than  the  main  dike. 
No  attempt  was  made  to  repair  these  gaps,  as  the  dikes  were  submerged. 
Id  making;  an  examiuation  of  the  works  at  a  low  stage  of  water,  it  was  found  that 
the  main  dike  had  been  damaged  to  a  greater  or  less  extent  from  Station  77-f-50  to 
Station  65-f-50,  aud  from  Station  .')9H-60  to  Station  47.    That  portion  of  the  main  dike 
Above  the  upper  breach  was  found  uninjnred,  with  the  exception  of  a  few  riders  and 
braces,  which  were  crushed  by  the  weight  of  drift  resting  on  them  after  the  water 
had  fallen. 

Althongh  the  water  was  7  feet  above  the  tops  of  the  piles  the  drift  did  not  pass  over 
the  dike,  and  at  some  places  it  is  60  feet  wide  and  solid  to  the  bottom. 

Where  the  dike  was  not  protected  by  footmat  small  channels  formed,  having  suffi- 
cient velocity  to  erode  the  bed. 

Cross  Dike  No.  1  remained  iutact,  and  has  a  deposit  in  its  rear  as  high  as  the  dike 
in  some  places. 

The  foot-mat  in  front  of  that  portiou  of  the  main  dike  which  was  carried  away  re- 
mained uuinjnred,  and  is  covered  for  its  entire  length  with  large  (Travel,  although 
there  was  a  scour  of  several  feet  on  both  sides  of  it.  The  new  dike  has  since  been 
driven  through  this  foot-mat. 

The  greater  portiou  of  the  damage  done  to  these  dikes  was  due  to  the  sudden  rise 
of  the  river  before  the  work  could  be  completed  ;  nevertheless  large  deposits  were 
made  within  the  area  that  would  bo  inclosed  by  the  work  when  finished. 

At  the  main  dike  the  deposits  formed  immediately  behind  the  dike,  while  at  the 
erofls  dikes  the  material  was  deposited  some  distance  below  the  dikes,  and  nearly  to 
the  top  of  the  piles. 

At  Cross  Dike  No.  2,  where  the  lower  edge  of  the  foot-mat  rested  upon  the  dike,  tho 
deposit  formed  immediately  under  the  mat  and  does  not  extend  for  any  distance  be- 
low the  dike.  This  deposit  consists  of  large  gravel.  The  success  of  this  accidental 
eonstruction  suggested  the  building  of  similar  structures  in  hopes  of  obtaining  like 
lesnlts. 
On  April  16,  with  the  river  at  a  28.35-foot  stage,  work  was  resumed  and  was  con- 
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tinned  with  a  force  which  was  increafted  and  decreased  as  the  stage  of  the  water  be- 
came favorable  or  unfavorable  for  work. 

The  eastern  end  of  Elmot  Bar  being  submerged,  advantage  was  taken  of  the  high 
stage  of  water  to  extend  the  western  end  of  the  main  dike  and  northern  end  of  Cross 
Dikes  Nos.  3  and  4  to  their  Junction  with  the  main  dike.  The  construction  of  these 
lines  was  pushed  forward  vigorously,  employing  four  pile-drivers  on  each  of  the  men- 
tioned dikes.  The  four  drivers  (Nos.  19,  2U,  21,  and  28)  stationed  at  the  main  dike 
were  new  and  were  a  decided  improvement  on  the  old  ones.  The  height  of  the  leads 
being  increased  to  45  feet,  allowed  the  greater  portidn  of  the  piles  to  come  nnder  the 
hammer  before  lowering  them  into  the  water ;  while  with  the  old  leads,  which  had  a 
height  of  31  feet,  at  a  low  stage  of  the  river  piles  had  to  penetrate  for  several  feet  be- 
fore they  could  be  brought  under  the  hammer.  The  new  drivers  were  also  equipped 
with  large  Worthington  compound  duplex  steam  pumps,  having  two  10-inch  and  two 
16-iuch  cylinders.  The  old  drivers  were  equipped  with  single-acting  piston  pumps 
having  an  8-inch  cylinder. 

At  this  point  driving  has  been  exceedingly  diflScult  on  account  of  layers  of  very 
coarse  gravel  and  blue  clay.  Pieces  of  gravel  weighing  half  a  pound  have  frequently 
been  found. 

At  some  places  piles  had  to  be  pointed  and  driven,  as  the  1^-inch  jet  of  the  old 
drivers  was  unable  to  displace  the  coarse  gravel.  The  new  drivers  using  a  two-inch 
jet  were  able  to  work  through  these  hard  strata  without  pointing  the  piles,  but  not 
without  a  liberal  use  of  the  hammer.  As  soon  as  the  piles  had  passecl  through  the 
hard  layers  they  would  sink  to  the  required  depth  of  16  feet  with  little  difficulty. 

About  the  1st  of  May  the  construction  of  a  grillage  mat  between  the  two  lows  of 
piles,  and  extending  about  10  feet  in  front  of  the  dike,  was  begun  at  Cross  Dike  No.  4. 
Sections  of  mat  60  by  35  feet  were  constructed,  and  consisted  of  a  thick,  coarse  brush 
lying  in  the  direction  of  the  current,  firmly  lashed  to  a  grillage  of  poles  which  wa» 
suspended  about  1  foot  above  the  surface  of  the  water  by  wires  fastened  to  the  braces 
of  the  dike.  As  soon  as  a  section  was  completed  the  wires  were  taken  off  and  it  was 
sunk  to  the  bottom  with  stones.    These  sections  overlap  about  7  feet. 

A  foot  mat  100  feet  wide  placed  directly  in  front  of  the  main  dike  was  commenced 
at  Station  21-1-25;  but  work  had  to  be  suspended  after  completing  164  linear  f^et,  on 
account  of  the  drift  accumulating  in  front  of  the  dike,  making  it  almost  impossible 
to  move  the  mattress  boat. 

Work  on  these  lines  was  carried  on  until  abont  the  1st  of  June,  when  they  were 
compelled  to  desist  on  account  of  the  high  stage  of  the  water. 

While  the  work  of  extending  these  lines  was  thus  delayed,  eight  pile-drivers  were 
moved  to  Cross  Dike  No.  5  and  its  construction  pushed  forwara.  Four  pile-drivers 
were  transferred  to  BuUerton. 

From  April  16  to  June  1  there  were  driven  5,200  linear  feet  on  the  main  dike,  1,900 
linear  feet  on  Cross  Dike  No.  3,  and  2,800  linear  feet  on  Cross  Dike  No.  4.  There  were 
also  placed  2,200  linear  feet  of  grillage  40  feet  wide  on  the  main  dike,  1,600  linear 
tW)t  35  feet  wide  on  Cross  Dike  No.  4,  and  850  linear  feet  35  feet  wide  on  Cross  Dike 
No.  3.  Wattling  6  feet  high  was  placed  on  the  main  dike  for  800  linear  feet,  on  Cross 
Dike  No.  3  for  800  linear  i^et,  and  on  Cross  Dike  No.  4  for  1,020  linear  feet. 

During  the  unexpected  rise  considerablt'^  damage  was  done  to  the  main  dike  above 
Station  36  and  to  the  south  end  of  Cross  Dike  No.  3,  which  was  due  to  the  unfinished 
condition  of  these  lines. 

After  the  water  had  fallen  it  was  found  that  the  portion  of  Cross  Dike  No.  3  lying 
south  of  Station  8-|-50,  the  end  of  the  grillage,  was  damaged  to  a  greater  or  less  extent 
by  the  piles  scouring  out  and  by  the  inability  to  secure  the  diagonal  cables  before  the 
dike  was  submerged,  the  intention  being  to  secure  them  after  the  grillage  was  cou- 
structe  I  and  sunk.  A  breach  of  about  100  fe-^t  was  discovered  above  Station  36  oa 
the  main  dike  and  one  from  Station  43-f-50  to  Station  51. 

The  pieces  of  dike  which  had  been  scoured  out  floated  down  to  Cross  Dikes  Nos.  4 
and  5,  and  the  piles  are  there  being  utilized  to  support  the  tip-mat.  All  of  ihese 
piles  were  scoured  out,  as  none  were  found  broken.  During  the  rise  large  deposits 
formed  immediately  in  the  rear  of  the  main  dike. 

A  bar  whose  cresr.  became  dry  when  the  river  fell  to  a  26-foot  stage  extended  nearly 
the  whole  length  of  the  main  dike  below  the  lower  breacb.  The  largest  deposits  were 
mad<)  at  the  junction  of  Cross  Dikes  Nos.  3  and  4  and  the  main  dike. 

The  point  of  Elinot  Bar,  lying  to  the  northward  of  the  main  dike,  within  the  space 
allotted  to  the  channel,  was  washed  away  during  this  rise,  and  deposited  in  the  rear 
of  the  main  dike.  Thi;^  point  previously  caused  a  large  percentage  of  water  to  paae 
throii;xh  Elmot  Chute,  thereby  increasing  the  pressure  on  the  dikes  during  high  stages 
of  the  river. 

At  the  outer  eilge  of  the  foot-mat  on  the  main  dike  a  scour  has  been  noticed  for  the 
entire  length  of  the  concave  portion. 

It  wiM  noticed  that  where  drift  had  accumulated  in  front  of  the  cross  dikes  a  scour 
has  taken  place  equal  in  volume  to  that  of  the  drift,  and  that  after  the  water  had  left 
the  bar  the  drift  would  exactly  fill  the  space  scoured  out. 
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The  WAter  haying  fallen,  operations  were  first  resumed  upon  the  ^ap  in  the  main 
^ke,  at  Station  36,  and  u]>on  Cross  Dike  No.  3,  at  Station  84-50.  The  main  dike 
was  stren^hened  wherever  small  channels  were  discovered  passing  through  it,  by 
driving  clusters  of  two  piles  in  the  front  row,  and  also  a  third  row.  The  piles  in  the 
front  and  second  rows  were  supplied  with  cables  which  were  fastened  around  pile, 
rider,  and  brace  of  the  third  row,  to  conform  to  the  **  Standard  Dike,''  at  this  time  in- 
troduced bj  Mr.  A.  J.  Frith. 

The  pile-drivers  were  able  to  complete  all  dikes  before  the  water  left  the  bar,  but 
the  mattress  work  was  delayed  by  iqability  to  obtain  material  owins;  to  the  flooding 
of  the  willow  camps.  Grillage  aud  wattling  is  now  being  completeaon  dry  land,  the 
necessary  brush  being  suppli^  from  the  head  of  Elmot  Bar. 

To  save  the  transportation  of  rock  across  the  dry  bar,  tarred  sacks  filled  with  gravel 
and  sand  are  being  substituted. 

That*  portion  of  the  maiu  dike  which  was  driven  before  the  1st  of  December.  1882. 
has  been  strengthened  by  driving  two  rows  of  piles  in  front  of  it  and  using  tne  old 
dike  as  third  row.  Considerable  difficulty  was  experienced  driving  through  the  old 
foot-mat,  which  was  covered  with  coarse  gravel. 

This  portion  of  the  dike  is  being  protected  by  a  tip-mat  from  38  to  60  feet  wide, 
constructed  in  sections  of  150  feet.  The  mattress  boat  is  placed  parallel  to  the  dike, 
that  portion  of  the  ways  ext^^nding  over  the  gunwale  of  the  barge  having  been  taken 
off.  Poles  are  evenly  distributed  over  the  ways  and  their  lower  ends  firmly  secured 
to  the  riders  of  the  dike.  The  brush  is  wattled  upon  the  poles  by  passing  a  rod  of  it 
alternately  above  aud  below  tbeiii.  The  mat  is  Htrengthened  by  placing  poles  above 
and  beneath  the  wattling  pole,  firmly  lashing  them  with  No.  12  wire.  A  section  of 
150  feet  having  been  completed,  the  mattress  boat  is  sparred  from  under  the  mat,  and 
ibe  up-stream  edge  sunk  to  the  bottom. 

In  the  deep  channel  near  the  TenneHHee  shore  a  tip-mat  75  feet  wide  is  being  con- 
structed in  front  of  Cross  Dikes  Noh.  3, 4,  and  5.  The  mattress  boat  is  placed  at  right 
angles  to  the  dike,  the  wayn  nearest  the  dike  having  been  raised  to  the  level  ot*  the 
riders  to  maintain  the  mat  at  that  height  after  it  is  launched  from  the  mattress  boat. 
While  launching  the  mat,  piles  are  floated  under  it.  The  up-stream  ends  of  these  are 
wired  to  the  poles  of  the  mat,  and  the  down-stream  ends  raised  to  the  level  of  the 
riders,  where  they  are  drift-bolted  and  wired  to  the  piles  of  the  dike.  The  up-stream 
«nd  of  the  mat  is  then  sunk  to  the  bottom.  In  swift  currents  this  mat  is  constructed 
in  sections  130  feet  long,  about  the  length  of  a  rock  barge,  as  the  mat  has  to  sink  for 
iftfl  entire  length  simultaneously  to  prevent  the  up-stream  edge  from  doubling  over  or 
ander. 

Where  the  main  dike  and  cross  dikes  ^trike  the  Tennessee  shore,  the  bank  has  been 

Srotected  by  a  mattress  350  feet  long,  and  varying  in  width  from  50  to  100  feet.  The 
ikes  were  completed  to  this  mattress,  leaving  a  mattressed  opening  for  navigation 
nearly  100  feet  wide.  The  bank  at  these  places  has  been  graded,  and  bank  pro- 
tection is  being  placed. 

Grading  was  done  with  pile-driver  No.  19,  which  is  equipped  with  a  Worthington 
compound  duplex  pump,  naving  two  10-inch  and  two  Ib-inch  cylinders.  The  dis- 
charge, about  420  gallons  per  minute,  passes  first  through  a  4-inch  pipe,  then  through 
*  2i-inch  hose,  and  is  delivered  through  a  l|-inch  nozzle. 

TabU  giving  length  of  completed  work  at  repreBented  on  »ketoh. 
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Very  respectfully,  your  obedient  servant, 


Capt  John  O.  D.  Knight, 

Corpf  of  Engineert,  U,  S,  J.,  Cairo,  IIU 


GEO.  W.  GEUDER, 
United  States  Jteietant  Engineer. 
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BKPORT    OF    CHARLBS    D.   MARK,    A88I8TANT    BNOINBER,    UPON    OPBRATION8    AT    fV8- 

CBOLA  UPPER  AND  LOWER  BARS. 

Osceola  Bar,  yavember  1, 18S3. 

Captain  :  I  havo  the  honor  to  eabrnit  the  following  report  on  the  progress  of  the 
work  at  Osceola  Upper  and  Lower  Bars : 

Daring  the  period  from  December  1,  1882,  to  November  1,  1883,  two  old  dikes, 
Osceola  Upper  and  Middle,  were  finished,  and  three  new  ones,  Secondaries  Nos.  1,  2, 
and  3,  built.  The  mattressing  and  revetting  of  both  Osceola  Upper  and  Lower  Bars 
has  also  been  started. 

In  the  following  I  shall  take  up  the  separate  stractures  aud  give  as  far  as  possible 
a  short  history  si  each. 

OSCEOLA  UPPER  DIKE. 

Though  the  greater  portion  of  this  dike  was  built  previous  to  December  1, 1882,  the 
finishing  and  partial  destrnction  of  same  fall  within  the  scope  of  this  report.  The 
methods  of  construction  typified  in  it  may  therefore  be  briefly  reviewed. 

The  dike  running  in  a  general  southwesterly  direction  from  a  point  below  Lynch's 
Landing,  Ark.,  to  the  northern  end  of  the  Upper  Osceola  Bar,  was  built  for  a  distance 
of  3,300  feet,  of  a  single  line  of  piles,  braced  by  inclined  struts.  At  the  head  of  the 
bar  a  gap  had  been  left,  which  it  was  attempted  to  close  in  April,  1883,  by  means  of 
an  extension,  consisting  of  a  double  line  of  braced  piles,  14  feet  apart ;  16<^  linear  feet 
of  this  kind  of  dike  had  been  driven,  when  the  swift  current- ma<Ie  it  apparent  that 
the  work  would  be  in  vaiu.  It  was  tli  ere  fore  abandoned,  and  Secondary  No.  1,  of 
which  more  later  on,  put  in.  Osceola  Upper  Dike,  protected  its  whole  length  by  a 
foot-mat  100  feet  wide,  and  by  wattling,  stood  the  high  water  last  spring  remarkably 
well,  when  tbe  inherent  weakuens  of  the  structure  is  considered.  From  all  data 
which  1  have  been  able  to  obtain  it  seems  that  the  breaks,  which  now  for  a  length  of 
1,600  feet  appear  in  the  dike,  are  not  due  to  any  scouring  action  in  front  of  the  lat- 
ter, but  to  a  siuiple  breaking  off  by  drift,  and  working  out  of  the  poorly-braced  single 
piles.  The  poi-tious  of  the  dike  executed  in  shallow  water  have  proved  strong 
enough,  while  those  in  deep  water  have  given  way.  The  foot-mat,  as  1  had  occaMion 
to  convince  myself  during  the  present  low  water,  is  still  in  place;  a  fact  which 
strengthens  my  belief  that  no  Hcnuiing  has  taken  pla(;e  in  front  of  the  dike. 

The  general  elTect  of  the  latter  has  been  favorable,  though  it  stood  in  its  entirety 
for  but  a  short  time.  A  good  till  has  taken  place,  higher  behind  those  portions  of  the 
dike  still  standing  than  at  other  points.  Though  part  of  this  fill  is  also  to  be  traced 
to  the  effect  of  Secondary  No.  1,  as  will  bo  shown  further  on,  it  may  be  said  that  the 
result  obtained  by  the  building  of  Osceola  Upper  Dike  is  a  fair  one.  The  cause  of 
its  failure  is  most  likely  to  be  traced  to  weakness  in  construction,  a  fault  which  could 
hardly  be  avoided  at  the  time  the  dike  was  designed,  for  lack  of  previous  experience. 

OSCEOLA  SECONDARY  NO.   1. 

When  it  was  found  impossible  to  connect  the  lower  end  of  Oseeola  Upper  Dike  with 
the  ]K)int  of  the  bar,  a  dike  further  down  the  chute  was  projected  and  carried  out. 
Aa  firut  planned  a  double  line  of  braced  piles  with  a  width  of  base  equal  to  depth  of 
watiT  was  the  type  adopted.  Daring  the  construction  of  the  dike  drift  began  to  col- 
lect, and  a  scouring  at  the  foot  of  the  unprotected  piles  immediately  set  in.  May  10 
a  break  near  the  bar-end  of  the  dike  occurred.  In  order  to  enable  the  closing  ol  this 
opening  the  direction  of  the  dike  had  to  be  changed  at  that  point,  the  water  proving 
too  deep  for  successful  pile-driving.  Luckily  the  material  scoured  out  was  found  de- 
posited a  little  way  below  the  break,  having  ibrmed  a  bar  there,  and  the  dike  could  be 
finished  in  shallow  water,  with  but  little  additional  lengthening,  due  to  change  of  di- 
rection. It  was  also  deeine<l  advisable  to  alter  the  original  project  by  adding  a  third 
row  of  piles,  connected  by  horizontal  braces  with  the  first  and  second  rows.  Thus 
strengthened,  the  dike  was  completed  June  10  in  a  length  of  1,355  feet.  The  collect- 
ing ot  di  iit  ill  front  of  it  pi'evented  the  sinking  of  a  foot-mat,  and  as  some  of  the  drift 
also  projected  back  of  the  first  row  of  piling,  only  tbe  space  between  the  second  and 
third  row  coul  i  be  matted.  A  grillage  foot-mat  was  put  down  and  carried  up  to  the 
top  of  the  bank  at  both  ends  to  prevent  any  scouring  between  the  shore  and  the  dike. 
Later  events  proved  the  wisdom  of  this  step,  lor  during  the  high  water  there  was  qui  e 
a  tendency  to  cut  a  channel  behind  the  ends  of  the  dike.  As  it  had  bees  inipohsiblc, 
for  reasons  slated  above,  to  mattress  the  dike  as  intended,  a  constant  watch  was  kent 
on  it  during  the  high  water  of  June-July.  By  frequent  soundings  all  changes  im 
depth  were  CMiefully  noted.  If  there  seemed  any  danger  of  a  scour  taking  place  the 
threatened  portion  was  protected  by  fascines.    Of  the  latter  two  kinds  were  used.    In 
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ODe  case  a  piece  of  wire-nnited  willow  mattiug  about  8  feet  sqnare  was  made.  The 
locks  were  wrapped  up  iu  it^  and  the  center  and  ends  of  tbis  buudle  tirmly  wired.  In 
the  other  case  bailed  rock  was  tied  to  willow  bundlea  6  to  8  feet  long,  and  1  to  1^  feet 
in  diameter.  It  was  found  by  inspection,  after  the  high  water  went  down,  tha  the 
first  kind  of  fascines  mentioned  had  done  the  better  Kervice  of  the  two.  They  gener- 
ally snnk  directly  in  place,  while  the  bailed  rock  of  the  second  kind,  catching  on  tlie 
wire  dike  cables,  prevented  the  fascine  from  ^oing  to  the  bottom. 

Osceola  Secondary  No.  1,  which  stood  the  high  water  well,  is  especially  remarkable 
for  the  large  amonnt  of  drift  gathered  in  front  of  it.  For  a  time  the  whole  head  of 
the  chnte,  from  the  dike  up,  was  filled  completely.  Winds  blew  some  of  the  drift 
out  before  it  had  become  tirmly  packed;  but  even  to  date  about  twenty  acres  of  it 
remain,  closely  wedged.  Of  course  this  mass  has  not  been  without  its  marked  effect. 
When  the  dnni  first  began  collecting  an  increased  tendency  to  scour  in  front  of  the 
dike  was  noticed.  The  depth  of  this  scour,  as  might  be  supposed,  was  equal  to  the 
thickness  of  drift  at  the  point  under  consideration.  Where  it  has  been  possible  the 
•o-cansed  opening  has  been  closed  by  sinking  the  drift,  a  barge  of  rock  being  expended 
to  good  effect  for  this  purpose  in  front  of  Secondary  No.  1.  Should  sinking  the  drift 
in  similar  cases  prove  impossible,  the  scouring  out  of  a  dike  is  to  be  feared,  unless  it 
has  be«n  well  protected  by  foot-mats. 

To  the  evil  effect  of  the  drift,  cited  above,  a  good  one  can  be  opposed.  When  the 
eonstmction  of  the  dike  was  first  begun  quite  a  strong  current  set  through  the  chute. 
The  collecting  drift  checked  it  so  completely  that  when  the  present  amount  had  come 
in  the  current  was  almost  dead.  A  marked  fill  both  in  front  and  behind  the  dike  has 
taken  place,  so  that  if  the  holding  of  the  latter  should  prove  successful  the  direction 
for  future  work  would  seem  to  be  indicated. 

OSCEOLA  SECONDARY  NO.  2. 

The  construction  of  these  dikes  wuh  pushed  at  the  same  time  that  No.  1  was  build- 
ing. The  first  section  ext'Ouds  from  the  Arkansas  shore  to  the  northern  point  of  the 
towhead ;  the  second  section,  from  the  lower  end  of  tbis  same  towhead  to  the  foot  of 
Osceola  Upper  Bar.  The  ty(»e  adapted  is  the  double-line,  rectangular,  14-foot  base 
dike,  except  for  the  southeastern  end  of  Section  1  and  the  northeastern  end  of  Sec- 
tion 2.  These  portions  of  the  dike  running  up  on  high  ground,  it  was  deemed  suffi- 
cient to  build  them  of  but  a  single  line  of  piles.  In  the  second  section  an  opening 
200  feet  in  length  had  to  be  left  to  enable  the  boats  to  reach  the  parties  at  work  at 
No.  1.  When  the  water  began  falling  it  fell  so  rapidly  thlit  the  pile-drivers  had  to  be 
moved  out  before  the  gap  could  be  closed.  With  the  exception  of  tiiis  piece,  then, 
the  2,025  linear  feet  of  dike  are  protected  by  a  grillage  foot-mat  and  by  wattling. 

Be^nn  April  10  and  finished  May  20,  these  dikes  have  passed  safely  through  one 
high  water;  but  built  under  the  shelter  of  No.  1,  little  strain  has  come  on  them  from 
drift  or  other  causes.    A  slight  fill  has  taken  place  behind  both  of  the  dikes. 

OSCEOLA  MIDDLE  DIKE. 


Oeoeola  Middle  Dike,  connecting  the  foot  of  Osceola  Upper  with  the  head  of  Osceola 
I^wer  Bar  was  begun  November  1,  1882.  Daring  December  1,065  linear  feet  were 
added  to  the  part  previously  completed,  giving  the  wholo  structure  a  length  of  3,309 
The  form  of  the  dike  adopted  was  the  one  as  shown  here.    Top  of  outside  pile 

■'! 

I 

I 
t 
I 


LoW'Wftter  Une. 


I 
t 

a.! 

I 
t 
I 


^  ^\  ^ 


•  •.  -wi.^. 


driven  to  a  stage  of  25  feet.  Top  of  inside  pile  driven  to  a  stage  of  14  feet.  Front 
fore-and-aft  riiler  fastened  5  feet  below  top  of  outside  pile,  rear  rider  at  top  of  inside 
pile.  Inclined  brace  a  6,  horizontal  ao;  width  of  base,  14  feet.  A  100- foot  mattress 
waa  built  the  whole  length  of  the  dike  and  the  latter  also  wattled.  As  the  water  rose 
eovering  the  lowor  front  fore-and-aft  rider  it  became  impossible  to  push  the  Wiittliug 
to  the  kK»ttom.    It  would  hare  been  better  had  it  therefore  been  left  but  entirely,  for 
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the  water  coming  throasb  the  chate  was  pressed  through  the  narrowed  opening  be- 
tween the  bottom  and  the  lower  riilers,  contributing  its  dhare  to  the  strong  scoar 
already  taking  place  in  front  of  the  dike.  The  100-foot  mat  did  not  prove  sufficient 
protection  in  tbis  caHo,  fur  in  February  the  first  break  near  the  center  of  the  dike, 
And  undoubtedly  caused  by  scouring,  occurred.  Toward  the  latt«r  part  of  March 
pieces  of  the  end  sections  followed,  carried  away  by  drif^.  Au  attempt  made  in  May 
to  patch  the  dike  and  to  stnmgthen  it  by  two  little  spur  dikes  proved  nnsnccessfuL 
The  cause  of  the  failure  of  this  stracture',  of  which  to  dare  only  1,059  linear  feet  in  a 
damaged  condition  are  standing,  may  probably  be  looked  for  in  its  incomplete  pro- 
tection against  sconr. 

OSCEOLA  SECONDARY  NO.  3. 

Osceola  Secondary  No.  3,  established  near  the  head  of  Osceola  Chute,  and  running 
east  and  west,  was  beg^n  May  10.  Work  ou  it  was  pushed  as  fast  as  possible,  bat 
«re  it  had  been  finished,  high  water,  with  drift  and  its  attendant  scour,  caused  a  break 
near  the  bar  or  eastern  end  of  the  dike.  As  at  Secondary  No.  1,  it  was  also  found 
necessary  here  to  ohaoge  the  direction  of  the  wrshed-out  section,  in  order  to  avoid 
the  deep  wat«r  resulting  from  the  scour.  A  third  row  of  piling  was  also  put  in,  as  an 
additional  means  of  strengthening  the  dike,  thus  giving  it  an  average  width  of  about 
60  feet.  As  the  water  contiuued  rising  and  tbe  drift  kept  coming  in,  a  renewal  of  the 
scour  was  observed.  With  the  intention  of  checking  it  a  75-foot  mat  in  front  of  the 
dike  was  started.  When  209  feet  of  the  same  had  been  built,  progress  was  stopped 
for  a  time  by  the  drift,  which  so  held  the  mat  barge,  that  it  was  found  impossible  to 
make  a  shift.  In  the  hope  that  a  way  for  the  barge  might  be  cleared  by  sinking  the 
drift,  sections  of  snb-mat  were  bnilt  on  the  latter  anil  sunk.  Two  thousand  seven 
hundred  feet  of  this  kind  of  mat  went  down  successfully,  and  we  were  enabled  to  tUid 
another  30  feet  to  the  length  of  the  foot-mat,  but  this  was  all.  For  when,  June  6,  the 
attempt  was  made  to  sink  a  second  section  of  drift  of  about  4,232  square  feet  of  sartace, 
the  diKe,  already  weakened  by  scouring,  could  not  stand  the  pressure  of  the  sinking 
mass  and  gave  wa^.  Through  the  break  so  formed,  140  feet  in  length,  a  large  amount 
of  accumulated  drift  pas^ied  off,  considerably  relieving  the  pressure  on  the  remaining 
portion  of  the  dike.  Steps  were  immediately  taken  to  prevent  any  further  scouriug 
in  the  break.  A  piece  of  mat  was  built  above  the  same,  floated  down,  and  about  two- 
thirds  of  it,  or  6,800  square  feet,  sunk  in  place.  As  the  current  was  very  swift  and  the 
Average  depth  of  water  in  the  opening  48  feet,  one-third  of  the  mat  was  carried  away 
before  we  could  get  it  down* 

In  the  mean  time  the  21^  feet  of  foot-mat  had  been  sunk  and  a  large  amount  of 
grillage  foot-mat  put  in.  On  account  of  the  high  water,  no  attempt  was  made  for 
some  time  to  close  the  gap.  Repeated  soundings  showed  that  no  additional  sconr- 
ing  was  taking  place.  July  17  a  tipped  mat,  50  feet  wide,  was  started  in  front  of 
the  dike,  where  the  other  footmat  previously  sunk  left  off.  Only  120  linear  feet  of 
this  new  mat  had  been  completed  when  a  second  rise,  July  21,  brought  down  a  batch 
of  drift,  which  lodged  under  the  mat,  packed  itself  to  the  bottom,  and  thus  prevented 
the  sinking  of  this  piece.  It  lies  on  top  of  the  drift  to  date,  as  shown  in  the  sketch. 
Aa  soon  as  the  water  began  to  fall,  the  loose  ends  of  the  dike  were  cut  away.  A  200- 
foot  opening  was  so  formed  in  which  the  pile-drivers  were  set  to  work.  They  barely 
succeeded  in  closing  it  with  a  single  line  of  cluster  piles,  when  it  became  necessary 
to  withdraw  the  fleet,  the  water  shoaling  so  rapidly.  To  strengthen  this  compara- 
tively weak  portion  of  the  dike,  and  at  the  same  time  lo  withdraw  it  finom  the  futnre 
Attacks  of  drift,  the  piles  forming  the  single  closing  line  were  braced  by  inclined 
struts  and  cut  off  level  with  the  15-foot  stage. 

AH  the  remaining  portions  of  the  dike  had  in  the  meanwhile  been  protected  by  a 
heavy  grillage  foot-mat.  A  section  of  same  200  by  63  feet  was  also  placed  behind  the 
opening  just  closed,  but  remains  unsunk  to  date  for  lack  of  sone.  August  7  a  tipped 
mat,  75  feet  wide,  beginning  at  the  eastern  end  of  the  mat  lodged  on  drift,  was 
started  on  the  up-stream  side  of  the  dike.  This  new  mat  skirting  the  outside  edge  of 
the  drift,  and  with  its  (the  mat's)  down-stream  edge  held  on  a  level  with  the  same, 
was  carried  a  distance  of  452  linear  feet.  Shoal  water  here  put  a  stop  to  the  work, 
and  the  amount  finished  was  sunk  successfully.  From  the  foregoing  it  will  be  seen 
that  Osceola  Secondary  No.  3  is  well  protected  now.  A  grillage  foot-mat  extends  its 
whole  length,  and  is  carried  high  up  on  both  banks.  With  the  exception  of  the  small 
piece  mentioned,  all  of  it  is  in  place,  and  has  done  good  service  dunng  the  last  high 
water.  The  effect  of  the  tipped  mat  can  only  be  determined  after  the  next  rise.  The 
center  row  of  piling  is  now  being  wattled,  5,^22  square  feet  having  been  put  in  to 
date.  From  the  plotted  list  of  soundings  sent  in  by  me,  the  fill  which  has  gradually 
taken  place  in  Osceola  Chute  can  be  traced.  The  evil  effects  of  the  break  have  been 
obliterated,  the  sconred  hole  causing  the  former  having  filled  up  well.  I  think  I 
am  Justified  in  classifying  Secondary  No.  3  with  Secondary  No.  1,  under  the  head  of 
suocessfal  ~" 
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OSCEOLA  UPPER  BAR. 

The  bead  of  this  bar  was  well  protected  by  a  foot-mat  50  feet  in  width,  and  by  a 
30-foot  revetment,  closely  connected  with  the  former.  About  800  linear  feet  of  tnis 
hand-graded  work  were  executed,  all  of  which  is  in  good  condition  to  date.  That 
the  same  cannot  be  said  for  some  of  the  other  work  on  the  bar  is  easily  explained.  A 
100-foot  mattress  was  put  in  the  whole  length  of  Osceola  Upper  Bar  and  sunk.  This 
was  at  low  water.  Though  the  grading  aud  reverting  were  started  immediately  in 
wake  of  the  mattress,  it  was  impossible  to  finish  them  before  high  water  set  in. '  Of 
4,050  linear  feet  of  gracing  put  in,  2,100  were  rendered  entirely  worthless,  because  the 
water  covered  the  banks  before  they  could  be  revetted.  The  1,400  feet  that  were 
covered  with  brush  aud  partially  rocked  also  suffered  heavily,  for  the  reason  that  no 
connection  between  the  high  and  low- water  protection  could  be  secured.  The  banks 
washing  away  between  the  two  has  left  a  gap,  as  shown  in  sketch,  which  it  will  be 
necessary  to  nil  with  a  second  mat. 

OSCEOLA  LOWER  BAR. 

Daring  the  high  water  in  June  and  July,  while  it  was  found  impossible  to  work  at 
Secondary  No.  3,  a  100- foot  mattress  was  started  on  the  inside  of  the  lower  bar. 
Heavy  drift  running  necessitated  the  building  of  a  drift-boom,  in  shape  of  a  spur 
dike  from  the  bead  of  the  bar  down  the  chute  &r  a  distance  of  about  100  feet.  Under 
its  protect  ion  1,0*20  linear  feet  of  mattress  were  built  and  sunk  in  place.  Asmallsectiony 
100  by  120  feet,  near  the  head  of  the  bar,  was  put  in  when  the  water  fell,  and  remains 
unweighted  to  date  for  lack  of  stone.  The  bank  protection  on  the  inside  begun  June 
1  and  abandoned  June  Hj  on  account  of  high  water,  was  continued  August  13.  By 
the  31st  of  the  same  month  a  total  of  72,422  square  feet  had  been  made,  of  which  49,931 
square  feet  remain  unrocked  to  date.  Of  the  4,040  linear  feet  of  grading  put  in  last 
January  on  the  outside  of  this,  the  lower  bar,  no  traces  remain,  as  the  graded  bank 
was  entirely  nnprotecti'd  when  high  water  came  up.  This  was  to  be  expected.  Eight 
hundred  feet  of  a.  100-foot  mattress,  whioh  was  aleo  started  at  that  time,  were 
eanght  afloat  by  the  same  rise.  Drift  collected  under  the  mat,  and  would  have  ren- 
dered all  attempts  to  sink  it  futile,  even  if  rock  had  been  on  hand  for  that  purpose. 
As  was  constantly  expecte<l,  the  increased  strain  on  the  head-lines,  due  to  the  accumu- 
lating drift,  caused  them  to  part.  Even  one  of  the  capstans  of  the  mat  barge  was 
torn  out  of  its  fastenings,  when  the  lines  snapped,  and  mat  and  drift  swung  down  the 
river.  Of  the  new  one,  150  feet  in  width,  which  was  started  September  1,  3,5t^  linear 
feet  have  been  completed  to  date,  but  only  920  feet  of  this  amount  have  been  sunk  ; 
work  on  the  same  has  been  stopped  for  the  present,  it  not  being  deemed  advisable  in 
Tiew  of  former  experiences  to  carry  the  mattressing  too  far  ahead  of  the  grading  and 
revetting.  Another  precaution  has  also  been  taken.  Though  the  contour  of  the  bar 
has  been  closely  followed  by  the  mat  in  most  places,  it  has  been  impossible  to  adapt 
the  latter  to  any  sudden  changes  in  the  outline  of  the  bank.  The  small  openings  thus 
formed  between  mat  and  shore  have  been  covered  with  separate  pieces*^  of  grillage 
mat,  firmly  wired  to  the  mattress  proper.  Four  thousand  four  hundred  and  sixty 
square  feet  of  this  kind  of  matting  have  been  called  for  to  date,  and  more  will  be  put 
in  as  the  necessity  for  so  doing  arises.  By  this  means  a  thorough  connection  between 
the  high  and  low- water  protection  can  be  obtained^  i.  e.,  if  the  former  be  put  in  at  the 
present  stage  of  water. 

ADAPTATION  OP  PLANT  FOR    PURPOSES  INTENDED. 

In  accordance  with  your  request,  I  submit,  in  addition,  the  following  opinion,  as  to 
the  adaptation  for  purposes  intended  of  those  articles  of  plant  which  I  have  had  oc- 
casion to  use. 

The  100  foot  mat  barges,  with  ways  30  feet  long,  and  a  slope  of  the  latter  of  about 
one- ninth,  do  not  till  all  the  requirements  that  must  be  met.  Great  difficulty  in 
launching  the  consecutive  shifts  of  a  mattress  was  constuntlv  experienced.  This  is 
partly  due  to  the  slight  slope  of  the  ways  and  partly  to  the  lact  that  so  little  space 
remains  between  the  lower  end  of  the  ways  and  the  deck  of  the  mat  barge  that  the 
lower  (front)  end  of  the  mattress  rests  on  the  deck  of  the  barge.  In  addition  the 
outside  butts  of  the  willows  do  not  pay  freely  over  the  end  kevels,  and  the  want  of  a 
capstan  was  severely  felt.  The  175  and  213  foot  mat  barges,  built  with  projecting 
and  more  sloping  ways,  answer  their  purpose  admirably.  The  latter  barge,  on  which 
the  mattress  on  the  outside  of  Osceola  Bar  is  nuw  building,  can,  however,  only  be 
used  to  advantage  in  slackwater.  In  a  strong  current  the  handling  of  it  becomes 
almost  an  impossibility,  as  I  found  when  this  barge  was  swung  across  the  break  in 
Osceola  Secondary  No.  3. 

The  service  barges  belonging  to  the  reach  answer  all  requirements. 

The  new  general  service  barges,  120  by  30,  uned  especially  for  the  transportation 
of  rock,  are  somewhat  unwieldy.     Even  if  snpplien  with  capstans,  which  they  are 
Dot,  it  will  always  be  a  matter  of  some  difficulty  to  handle  them  with  a  load  of  300 
cubic  yariUof  stoue. 

H.  Ex.  37 24 
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A  sketch,  with  a  table  thereon,  fivitiff  fall  dimensions  of  all  work  done  in  the  period 
from  December  1, 1882,  to  November  1, 1883,  accompanies  this  report  (Plate  IV). 
I  am,  very  respectfully,  yoar  obedient  servant, 

CHAS.  D.  MARX, 
United  Staie$  AsMatant  Engineer. 
Capt.  John  G.  D.  Knight, 
Ck>rp8  of  Engineers f  U,  S.  A. 


14. 

REPORT  OF  AUO.  J.  NOLTY,   ASSISTANT  ENOINBRR,  UPON  OPERATIONS  AT  BULLERTON 

TOW-HEAD. 

BuLLERTON  Tow-HEAD,  November  15,  1883. 

Sir  :  I  have  the  honor  to  sabmit  herewith  my  report  of  operations  at  Bullerton 
Tow-head,  covering  the  period  from  December  1,  1882,  to  November  1,  1883. 

In  compliance  with  verbal  orders  received  from  First  Lient.  Thomas  W.  Symons, 
Corps  of  Engineers,  I  assumed  charge  of  this  work  on  April  14,  1883,  relieving  Mr. 
Charles  A.  Ankele,  who  had  tendered  liis  resignation.  Upon  my  arrival  here  all  active 
operations  had,  by  reason  of  high  water,  ceased,  and  the  small  force  lefc  was  em- 
ployed in  the  care  and  preservation  of  pnblic  property. 

The  river  having  fallen  sufficiently  by  May  12,  the  force  of  laborers  was  increased, 
and  the  construction  of  foot-mats  along  both  sections  of  Osceola-Bullerton  Dike  was 
begun.  During  the  latter  part  of  May  work  along  the  north  bank  of  Bullerton  Tow- 
head  was  resumed  by  commencing  the  construction  of  two  foot-mats  and  a  high- water 
bank  protection.  A  small  force  were  also  employed  clearing  the  bank  for  a  distance 
of  50  feet  back  of  drift  and  standing  timber.  These  operations  were  continued  until 
the  middle  of  June,  when  the  river  again  rose  above  the  bank  and  pnt  a  stop  to  all 
further  work. 

On  June  23  the  greater  part  of  the  force  were  moved  up  to  the  stoue  depot  at  Gh>ld 
Dust,  Tenn.,  whera  they  were  employed  in  loading  stone  on  barges,  a  party  of  seven 
men,  in  charge  of  one  foreman,  being  left  at  Bullerton  to  take  charge  of  the  plant  re- 
maining there. 

By  July  5  the  water  had  fallen  sufficiently  to  admit  of  resumption  of  work  at  this 
place.  The  party  were  therefore  moved  back,  and  the  construction  of  inclined  foot- 
mats  between  piling  of  Osceola-Bullerton  Dike  and  Bullerton  Dike  No.  1  was  be- 
gun, the  river  being  still  too  high  for  work  along  the  bank.  The  latter  work  was 
resumed  about  the  middle  of  the  month,  and  has  been  continued  to  date  with  only 
occasional  and  short  interruptions,  caused  by  unfavorable  weather  and  delay  in  get- 
ting brush  and  stone. 

Owing  to  the  long  season  of  high  water  the  first  half  of  the  current  year  has  been 
very  unfavorable  for  the  proper  prosecution  of  the  work,  and  by  far  the  largest  part 
has  been  accomplished  since  July. 

Some  of  the  work  completed  during  the  flood  season  was  found  on  the  subsidence  of 
the  water  to  be  badly  damaged,  so  much  so  that  it  was  considered  advisable  to  re- 
construct parts  of  it.  Notably  was  this  the  case  with  two  sections  of  foot-mat,  which, 
before  stone  for  sinking  it  could  be  had,  were  carried  by  the  rising  water  over  the 
bank  of  the  tow-head. 

This  part  of  the  bank  had  not  yet  been  ^aded,  and  as  the  river  fell  the  bank  began 
to  cave  underneath  the  mat.  As  this  caving  was  very  irregular,  the  water,  as  it  ^11. 
left  the  mat,  at  such  places  where  no  caving  had  taken  place,  high  upon  the  bank ; 
while  at  other  places,  where  the  bank  had  caved,  the  mat  was  out  of  sight.  The 
above-water  portions  of  the  mattress  were  therefore  cut  away  and  new  foot-mats 
constructed.  Some  high- water  bank  protection  was  also  damaged  and  some  lost 
altogether.    This  damage  and  loss  was  caused  by  want  of  stone  to  properly  load  it. 

Some  of  this  revetment  as  well  as  a  part  of  the  foot-mat  was  loaded  with  sand-sacks, 
but  this  was  found  to  be  a  very  unsatisfactory  expedient,  principally'  by  reason  of  the 
poor  quality  of  the  sacks  and  their  loose  texture.  The  sacks  would  soon  rot  and  the 
sand  wash  out. 

Eighteen  hundred  feet  ot  mattress,  100  feet  wide,  and  1,250  feet  of  bank  revetment, 
from  25  to  60  feet  wide,  was  damaged  as  just  described  and  had  to  be  renewed. 

Considerable  difficulty  has  been  encountered  during  the  prosecution  of  the  work 
from  the  very  strong  current  running  here.  Between  Ranges  50i  and  52,  float-obser- 
vations taken  in  August  gave  a  velocity  of  current  of  5.35  miles  per  hour,  depth  of 
water  ranging  from  25  to  50  feet.  The  upper  half  of  the  tow-head  is  much  more  ex- 
posed to  the  erosive  action  of  the  current,  as  here  it  is  deflected  against  the  bank, 
striking  it  at  an  oblique  angle.  This  deflection,  as  well  as  increased  velocity,  is  caused 
mainly  by  the  sand-bar  opposite,  which  approaches  quite  close  to  the  tow-bead,  thus 
narrowing  the  water-way. 
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Below  Ran)^  52  the  bar  recedes  agaiD,  making  a  wider  water-way,  decreasing  the 
velocity  of  the  current  somewhat,  and  making  its  coarse  more  parallel  with  the  bank. 

The  erosion  of  the  bank  has  entirely  ceased  since  the  foot-mats  were  sunk.  At 
several  places,  however,  it  was  found  that  portions  of  the  bank  would  settle  down 
and  graidually  slide  into  the  water.  Examination  revealed  the  fact  that  this  was 
«»ased  by  seepage  from  a  marsh  in  the  interior  of  the  tow-head.  It  was  decided  to 
drain  this  toward  the  south  bank,  and  2,425  linear  feet  (equal  to  1,479  cubic  yarda 
excavation)  of  ditching  was  done.  The  depth  of  water  in  the  marsh  varied  from  1 
to  5  feet,  and  its  level  was  11  feet  above  the  surface  of  the  river.  Since  this  marsh 
has  been  drained  no  farther  trouble  has  been  experienced. 

The  only  work  done  on  the  south  bank  or  Arkansas  side  of  the  tow-head  has  been 
to  temporarily  check  the  erosion  of  the  bank  near  Range  52. 

Here  the  bank  for  a  distance  of  nearly  1,000  feet  began  to  cave  early  in  the  summer, 
And  to  check  this  the  trees  standing  near  the  edge  of  the  bank  were  felled  so  that  they 
would  fall  into  the  water  at  right  angles  to  the  bank,  their  butts  resting  upon  it. 
These  trees  were  then  loaded  with  bailed  stone.  This  work  seems  to  have  stopped 
the  caving.  It  was  not  considered  necessary  to  do  any  work  of  a  permanent  char- 
acter here,  as  when  the  dikes  are  completed  the  chute  will  fill  up. 

All  the  mattresses  made  along  the  banks  of  this  tow-head,  with  the  exception  of  350 
feet,  are  of  the  wire-net  pattern.  This  mattress  constructed  on  specially  designed  ma- 
chine barges  has  for  its  foundation  a  wire  netting  made  of  galvanized  iron  wire  of 
]N'o.  8  and  No.  12  gauge,  the  heavier  wires  ruuning  longitudinally  or  up  and  down 
stream,  the  smaller  transversely.  The  distance  between  the  longitudinal  wires,  which 
is  the  limit  of  the  length  of  the  mesh,  is  4  feet,  while  the  distance  between  the  others 
can  be  varied.  A  mesh  4  feet  long  by  2.5  feet  wide  has  been  adopted  here.  The 
brush  is  carried  by  suitable  machinery  operated  by  steam-power  from  the  brush  barge 
over  the  mattress  barge,  and  deposited  upon  the  netting,  where  it  is  received  by  men 
standing  upon  the  mattress  and  supplied  with  long  hooks,  who  pack  it  close  together, 
at  the  same  time  seeing  that  it  breaks  joints  properly  to  give  it  the  requisite  trans- 
verse stiffness.  After  brush  sufficient  for  a  shift  has  been  thus  disposed  upon  the 
netting,  brush  binders  are  passed  over.  These  are  insertc^d  with  their  butts  into  and 
at  least  8  feet  through  the  netting,  and  then  bent  over  the  brush  just  laid  and  wired 
to  the  netting.  These  binders  are  of  course  placed  at  right  angles  to  the  brush,  and 
that  part  of  their  length  beyond  where  they  are  wired  will  be  under  the  succeeding 
«hift.  This  makes  an  excellent  mattress,  being  very  flexible  in  a  longitudinal  di- 
rection, having  the  necessary  transverse  stiffness,  and  is  rapidly  constructed.  One 
hundred  and  eighty  linear  feet  have  been  made  in  a  day  of  ten  hours  when  the  cur- 
rent was  moderate,  and  the  party  not  subject  to  delays  in  getting  brush.  Three 
hundred  and  fifty  feet  of  the  mattress  made  here  was  of  the  regular  pole  pattern, 
where  the  brush  is  alteruately  woven  over  and  under  the  poles. 

When  the  mattress  between  Ranges  51  and  52  was  begun,  it  was  evident  that  a 
mattress  of  great  longitudinal  strength  to  withstand  the  great  strain  which  would 
i>e  thrown  upon  it  during  the  operation  of  sinking  would  have  to  be  constructed 
here;  hence  the  single  No.  8  wires  were  replaced  by  wire  cables  made  of  six  of  the 
former  wires  well  twisted  together.  These  cables  were  placed  7  feet  apart.  In  other 
respects  this  mattress  is  similar  to  the  one  just  described. 

The  high-water  bank  protection  whose  lower  edge  laps  over  the  inner  edge  of  the 
foot-mat,  and  which  extends  to  the  crest  of  the  bank,  consists  of  a  loose  brush  mat- 
tress continuous  for  its  entire  length. 

This  mattress  is  covered  with  stones,  they  being  placed  close  together  but  only  one 
layer  thick. 

At  such  places  where,  owing  to  slight  settling  of  the  foot-mat,  the  high  and  low 
water  bank  protections  do  not  make  a  good  lap,  small  sections  of  mat,  100  feet  long 
and  wide  enough  to  cover  the  gap,  were  constructed  upon  an  ordinary  barge  placed 
close  to  and  parallel  with  the  bank.  One  end  of  these  mats  rests  upon  the  revet- 
ment, and  when  finished  the  barge  is  pushed  from  under  the  mat,  allowing  it  to  fall 
down,  after  which'it  is  sunk. 

Considering  the  amount  of  work  done,  the  depth  of  water,  and  the  velocity  of  cur- 
rent, very  little  loss  or  damage  to  the  work  has  been  sustained,  and  it  mostly  occur- 
red during  the  operation  of  sinking  the  mattress,  which  has  always  been  the  most 
difficolt  part  of  the  work.  A  section  of  mattress,  300  feet  long  by  100  feet  wide,  in 
coarse  or  construction,  broke  away  during  the  night  of  August  22,  carrying  with  it 
the  mattress  and  three  other  barges.  This  loss  was  oau^d  by  the  caving  of  the 
bank.  The  mass  of  earth  and  stumps  falling  upon  the  mooring  lines  parted  them, 
thas  setting  the  mat  free.  As  soon  as  the  accident  was  reported  by  the  watchman, 
men  were  sent  out  with  anchors  and  lines,  who,  after  cutting  the  mat  away,  suc- 
ceeded in  anchoring  the  barges  off  Fort  Pillow,  from  whence  they  were  towed  up  the 
next  day.  The  piece  of  mat  cut  away  lodged  on  a  drift  pile  at  Island  34,  and  as 
it  was  feared  that  it  might  cause  an  obstruction  to  navigation,  a  small  party  was 
aent  down  to  recover  what  rope  there  might  still  be  upon  it,  and  to  cut  it  up  into 
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small  sections,  which  were  allowed  to  float  away.  Aboat  500  linear  feet  of  mat  was 
60  badly  torn  np  in  sinking  that  new  mattress  had  to  be  constructed.  This  is  excla- 
sive  of  the  damage  resulting  from  high  water,  and  of  which  mention  has  already 
been  made. 

As  the  work  at  this  place  will  ultimately  be  subjected  to  a  ^ery  severe  test,  the 
utmost  care  has  been  taken  to  do  it  properly,  And  to  impart  to  it  that  permanency 
which  such  work  requires  in  order  to  answer'the  purpose  of  its  construction. 

Whenever  a  new  section  of  mattress  was  begun  it  was  made  to  overlap  the  preced- 
ing section  by  at  ]east  i^^  feet,  thus  practically  making  a  continuous  mattress.  The 
mattress  was  made  to  follow  the  indentiition  of  the  uank  as  close  as  possible,  and 
where  this,  owing  to  the  depth  and  shortness  of  fhe  pockets,  was  not  practicable,, 
narrow  supplementary  mattresses  were  constructed  after  the  priucipal  one  had  been 
sunk,  these  small  ones  well  overlapping  the  inner  edge  of  the  larger  ones. 

The  sketch  accompanying  this  repoi-t  shows  the  condition  of  tne  work  up  to  date. 
By  referring  to  it,  it  will  be  seen  that  the  length  of  bank  operated  upon  is  9,625  feet. 
Of  this  7,5(M)  linear  feet  have  been  graded  by  the  hydraulic  grader  and  1,525  feet  with 
shovels,  leaving  600  feet  still  to  be  graded.  Five  bundred  feet  of  foot-mat  and  2,700 
feet  of  revetment  yet  remain  to  be  constructed,  while  of  the  revetment  made  a  large 
amount  remains  to  be  loaded  with  stone.  That  part  of  foot-mattress  at  the  head  of 
tow-head  bounded  on  each  side  by  Range  50  was  constructed  prior  to  December  1,. 
1882.    All  the  other  work  has  been  done  since  that  date. 

Wherever  the  foot-mattresses  have  been  sunk  the  erosion  of  the  banks  has  entirely 
ceased,  even  at  those  places  where  the  current  strikes  the  bank  directly,  and  which 
prior  to  the  construction  of  mattresses  were  caving  rapidly.  Some  of  the  finished 
work  has  been  exposed  to  the  various  stages  of  the  river  from  a  complete  submersion 
to  very  low  water  and  has  staod  the  test  without  sustaining  the  slightest  damage. 

The  dikes,  too,  though  not  yet  finished,  have  done  admirable  work  in  deepening  and 
widening  the  channel  along  the  tow-head.  Soundings  taken  in  October,  when  the 
river  was  very  low,  show  nowhere  less  than  12  feet  of  water,  while  at  most  places  the 
depth  is  much  greater.  The  least  depth  is  at  the  upper  entrance  to  the  channeK 
None  of  our  steamers  have  had  the  slightest  difficulty  in  delivering  supplies  here,  and 
they  have  at  all  times  been  able  to  tow  the  most  heavily-loaded  barges  through. 

At  the  opening  of  the  work  last  year,  nearly  all  the  towing  had  to  be  done  through 
the  chute  on  the  Arkansas  side,  aud  around  the  foot  of  the  tow-head  up  as  high  aa 
'  they  could  go. 

Attention  is  respectfully  called  to  the  urgent  necessity  of  completing  this  work  be- 
fore the  high- water  season  sets  in.  Should  the  river  rise  4  or  5  feet  above  the 
present  stage,  great  damage  would  be  done  to  the  unloaded  revetment,  aud  a  higher 
rise  would  seriously  damage  that  part  of  the  bank  at  the  middle  of  the  tow-head  not 
yet  protected,  and  endanger  the  finished  work  below. 

Appended  is  a  table  showing  the  amount  and  kind  of  work  done  and  giving  dimen- 
sions of  the  same.  No  account  of  the  work  along  dike  is  taken,  aa  that  will  appear 
in  the  report  of  the  assistant  engineer  now  in  charge  of  the  completion  of  those 
dikes. 

All  mattress  of  a  less  width  than  100  feet  is  such  as  has  been  laid  inside  of  main 
mattress  for  the  purpose  of  covering  gaps  left  by  the  latter.  The  piece  of  150  feet 
width  was  laid  where  the  inclination  ot  the  bottom  was  exceptionally  steep. 

The  total  length  of  mattress  and  revetment  made  will  be  found  to  be  respectively 
2,741  and  1,250  feet,  in  excess  of  the  length  of  bank  operated  upon.  This  excess  ia 
caused  by  the  reconstruction  of  damag^  work,  by  the  construction,  of  mats  to  fill 
gaps  between  the  main  one  and  the  shore  line  or  revetment,  and  by  the  amount  of 
overlaps. 

Work  done  at  BullerUm  Taw-head  from  December  1,  1882,  to  November  1,  1883. 


ClaM  of  work. 


Foot-mattress  made  and  sunk. 


Revetment  maile  . 
Revetment  loaded 

Bank  graded 

Polos  cut,  cords  .. 
BruHh  nut,  cords. 


Dimensions. 


10,310  by  100  feet,  855  by  150  feet, 
298  by  75  feet,  394  by  37'feet. 

8,140  by  70  feet 

3,531  bv  70  feet,  1,454  by  40  feet 

8.900  by  65  feel 

233 

760 


Ditching  i  2,425  feet 


Totals. 


12,396  feet  =  11,220  squares. 

8,140  feet  =  5,698  sqnaroa. 

4,985  feet  =  3,053  squares. 

8,900  feet. 

233  cords  =  97,860  feet. 

760  cords. 

2,425  feet  =  1,479  cubic  yards. 


Respectfully  submitted. 


'^apt.  John  G.  D.  Knight, 

Corps  of  Engineers y  U.  S.  A, 


AUG.  J.  NOLTY, 
United  States  Aseietant  Engineer, 
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15. 

REPORT  OF  F.   A.  VKAGER,  ASSISTANT    ENGINEER,   UPON    OPERATIONS    AT    OSCEOLA- 

BULLERTON  AND  PLUM  POINT  DIKES. 

Plum  Point  Dike,  November  1,  1883. 

Captain  :  I  have  the  honor  to  sabmit  herewith  a  report  of  progreas  of  the  work  on 
Oftceola-Bullerton  and  Plum  Point  Dikes  from  December  1,  1882,  to  October  31,  1883. 

osceola-bullerton  main  dike. 

In  referring  to  this  dike,  that  part  starting  from  Osceola  Bar  will  be  called  North 
Dike,  and  the  part  starting  at  Bullerton  Tow-head,  South  Dike. 

On  December  1,  1882,  about  1,200  feet  of  North  Dike  was  standing,  and  on  March 
12, 1883,  a  fleet  of  eight  drivers  was  put  to  work,  driving  until  April  13,  between  which 
•date  and  the  18th  all  drivers  were  moved  to  Gold  DuHt.  The  dike  was  then  com- 
pleted all  but  two  openings,  one  of  200  feet,  900  feet  from  south  end  of  South  Dike, 
and  one  of  250  feet,  about  300  feet  farther.  From  April  18  to  June  1,  200  feet  of  dike 
between  the  two  openings,  and  500  fe<'t,  about  400  feet  from  south  end  of  South  Dike, 
washed  out,  on  account  of  drift  and  no  foot-mat.  June  1  the  drivers  were  again  put 
to  work,  and  on  June  22  the  mouth  of  chute  was  closed,  all  but  a  gap  of  3S0  feet, 
about  1,5<K)  feet  from  south  end  of  South  Dike,  and  from  June  22  to  July  10  drivers 
were  idle  on  account  of  having  no  piles  Jong  enough  for  depth  of  water.  Between 
July  16  and  20,  600  feet  between  Ranges  49  and  49^,  having  no  foot-mat,  scoured  out, 
and  on  the  night  of  the  21st  a  large  raft  of  logs  lodged  on  the  head  of  remainder  of 
^Qth  Dike,  and  although  this  part  had  been  matted,  inside  and  outside,  about* 200 
feet  gave  way.  The  washing  out  of  this  part  may  be  said  to  have  been  caused  by 
drift,  large  quantities  of  which  had  accumulated  on  dike,  extending  out  farther  than 
the  mat,  thus  promoting  scouring  action  under  the  mat  at  its  outer  edge. 

During  the  night  of  July  23  the  steamer  J.  S.  Woods,  with  tow  of  empty  barges 
flanked  in  on  dike  where  Range  49  crosses,  catching  pile  driver  No.  17,  and  pushing 
her  through  and  up  the  front  row  of  piling,  about  150  feet.  Shortly  after  this  454 
feet  near  the  same  place  fecoured  out,  caused  by  collapsing  and  imperfect  sinking  of 
mat.  Clusters  of  three  piles  were  then  driven  about  10  feet  apart,  and  the  tops  con-' 
nected  with  a  heavy  wire  cable.  A  mat  100  feet  wide  and  250  feet  long  was  made  on 
upper  side  of  these  clusters,  but  collapsed  before  sinking  was  commenced;  250  by  40 
feet  remained  good  and  was  sunk.  The  clusters  stood  erect  for  three  days,  when  they 
lient  over,  ancf  about  two  weeks  later  washed  out  or  broke  loose.  At  this  time, 
August  15,  it  was  almost  impossible  to  drive  to  any  advantage,  on  account  of  rapidity 
of  current  and  scarcity  of  lon^  piles.  All  dike  was  now  matted,  and  as  the  water  was 
too  low  for  boats  to  run  outside  of  tow-head,  a  gap  of  900  feet  was  left  open  for  navi- 

tation,  and  all  force  moved  down  to  finish  Bullerton  Cross-Dike  No.  1.  Between 
eptember  10  and  20, 375  feet  of  dike  was  added  to  south  end  of  North  Dike,  and  about  50 
feet  to  north  end  of  South  Dike,  making  North  Dike  3,995  feet  in  length,  and  South 
Dike  959  feet,  with  an  opening  of  900  feet  between  them.  One  tnousand  three 
hundred  and  fifty  feet  of  North  Dike  is  completely  covered  with  sand,  and  all  the 
rest  partly  covered  but  500  feet  at  south  end.  The  general  condition  of  dike  is  given 
on  the  accompanying  sketch. 

BULLERTON  CROSS-DIKE  NO.   1. 

This  dike  is  composed  of  two  parts,  one  on  east  side  and  the  other  on  west  side  of 
Bullerton  Chute. 

West  Dike  runs  on  a  line  from  49^  Ark  to  52  Bullerton  Tow-head,  and  is  570  feet  in 
length.  East  Dike  starts  midway  between  50  and  50^  Bullerton  Tow-head,  and  runs 
toward  a  point  200  feet  below  50  Ark.  It  is  1,200  feet  long  and  makes  a  curve  at  1,130 
feet  in  the  direction  of  West  Dike.  Some  difficulty  was  experienced  in  the  building 
of  West  Dike,  as  for  a  time  the  piling  washed  out  very  fa^t,  but  after  being  matted 
with  inside  and  outside  tip-mat,  scouring  action  ceased,  and  since  that  time  a  fill  of 
10  feet  has  taken  place,  where  previous  to  sinking  of  mat  I  reported  five  piles  washed 
oat,  and  47  feet  of  water.  The  shore  at  end  of  dike  is  protected  with  200  by  50  feet 
of  bank  protection  above  aud  150  by  50  feet  below  dike.  Also  a  foot-mat  of  same 
length,  but  100  feet  wide.  Each  dike  is  all  matted  inside  and  as  far  as  practicable 
'ootside. 

Both  East  and  West  Dikes  are  in  good  condition,  and  a  noticeable  fill  is  taking 
plmce  above  and  below  each.  From  present  appearances  the  chute  is  slowly  filling 
op  and  the  channel  going  on  the  outside  of  the  tow-head. 


374  BEPOBT   OF   THE   MISSISSIPPI   BIVEB   COMMISSION. 

PLUM  POINT  DIKES. 

Theee  dikes  were  started  September  20,  and  as  yet  little  progress  has  been  made, 
owing  chiefly  to  scarcity  of  material.  Up  to  date  work  has  been  done  only  on  Main 
Dike  and  Cross-Dikes  1  and  2.  The  amount  of  dike  completed  and  incomplete  i» 
given  on  sketch.  Five  hundred  and  fifty-six  feet  of  Main  Dike  has  100  feet  foot-mat, ' 
and  456  feet  has  inside  or  grillage  mat  between  the  second  and  third  rows.  The  grill- 
age mat  is  a  tip-mat,  and  was  sunk  to-day.  The  foot-mat  has  not  yet  been  sank.  All 
foot-mat  on  Main  Dike,  according  to  orders,  will  be  sank  flat,  and  cross-dikes  will 
have  grillage  tip-mat  and  50  feet  tip-mat  oatside.  The  shore  at  bead  of  Main  Dike  ia 
protected  by  a  revetment  290  feet  long  and  65  feet  wide.  The  small  gap  between  end 
of  Main  Dike  and  shore  will  be  closed  in  a  few  days  and  cross-dikes  will  be  finished 
to  shore  as  soon  as  possible. 

If  the  material  can  be  had,  Main  Dike  as  far  as  Cross  Dike  No.  2  and  Cross  Dikes  1 
and  2  can  be  protected  by  the  latter  part  of  December. 

PLA19T. 

The  small,  low,  100-foot  mat  barp;e  nsed  by  me  in  Bnllerton  Chate  is  almost  nselesa 
for  making  mat  in  swift  water,  as  it  has  bat  one  kevel  on  each  end  and  no  capstan. 
The  new  large  157-foot  mat  boat,  with  capstan  on  each  end,  I  am  now  using  is  all 
that  conld  be  desired. 

The  pile-drivers  have  done  very  well,  bat  the  circular  lead  drivers  are  at  times  very 
awkward  to  handle,  and  are  the  cause  of  considerable  delay.    The  side  lead  drivers 
are  much  more  convenient  and  in  every  way  preferable  to  circular  leads. 
«  Very  respectfully,  \  our  obedient  servant, 

F.  A.  TEAGER. 
J.  G.  D.  Knight, 

Captain  of  JStiffineen,  U.  8,A, 


16. 

BEPORT  OF  A.  P.  HATFIELD,  ASSISTANT  ENGINEER,  UPON  HYDRAULIC  GRADING  OPERA- 
TIONS. 

Elmot,  Ark.,  Noremher  13,  1883. 

Sir  :  I  have  the  honor  to  submit  the  following  as  my  report  of  the  hydraulic  grading 
performed  in  Plum  Point  Reach  since  December  1,  1882. 

On  that  date  I  was  placed  in  charge  of  Grader  No.  4.  This  grader  has  two  Davidson 
pumps,  indei>endent  action.  Plungers  16  inches  diameter,  driven  by  two  compound 
engines,  the  initial  or  high-pressure  cylinders  being  18  by  24  inches,  the  low-pressure 
cylinders  34  by  24  inches.  Steam  is  supplied  by  a  battery  of  three  boilers.  22  feet  long. 
44  inches  diameter  of  shell,  with  five  lO-inch  fines.  Area  of  grate  sortace,  56  feet  3 
inches.  The  vacuum  pumps  are  also  of  the  Davidson  style,  steam  cylinders  10  by  16 
inches,  water  cylinders  12  inches  diameter.  The  water  supply  came  from  two  wella 
directly  below  the  pumpi ;  these  are  3  feet  square,  tbe  water  passing  through  two 
strainers  of  2,500  |-inch  holes.  Tbe  suction  pipe  is  14  inches  diameter.  The  dis- 
charge is  through  a  boom  pipe  60  feet  long,  having  twelve  o^ienings  fitted  with  4-inch 
valves ;  to  these  the  hose  is  attached.  The  hose  outfit  consisted  of  4-inch  hose — six 
sections  50  feet  each ;  two  sections  25  feet ;  two  sectiouH  12  feet  2^  inches.  Rubbeor 
6-ply  hose,  four  sections,  50  feet,  with  nozzles  1^,  If,  and  2  inches. 

December  2,  the  grader  was  taken  to  tbe  head  of  BuUerton  and  began  work  on  the 
west  side.  Here  we  graded,  up  to  February  9,  9,432  linear  feet,  and  98,546  yards. 
Up  to  this  time  the  total  operating  expenses  were,  for  labor,  |1,970.12;  fael,  9439.97  ; 
subsistence,  |548..25 ;  total,  ^,958.34.  Cost  per  yard,  3  cents ;  per  linear  foot,  31  cents. 
The  grader  had  a  total  crew  of  17  men,  and  used  about  80  bushels  of  coal  per  working^ 
day. 

March  26  I  was  transferred  to  Grader  No.  2.  This  has  pumps  of  the  Deane  make^ 
and,  except  in  being  duplex  action,  they  are  of  the  same  general  dimensions  and  steam- 
power  as  Grader  No.  4. 

We  again  began  work  on  upper  Osceola  Bar,  where  we  were  at  work  until,  April  6^ 
the  water  again  rising  obliged  us  to  stop.  Here  we  graded  2,900  linear  feet,  10,6^ 
yards.  The  expense  of  this  period  was:  Labor,  $403;  fuel,  $83.60 ;  subsistence,  |83.80; 
total,  $569.80.    Cost  per  yard,  3.8  cents ;  per  linear  foot,  14  cents. 

We  were  laid  up  on  account  of  high  water  until  July  14,  when  I  was  directed  to 
take  Grader  No.  4  and  try  to  wash  a  channel  through  the  bar  forming  from  near  the 
head  of  BuUerton  toward  the  head  of  Yankee  Bar.  We  commenced  on  the  lower  side 
of  the  bar,  working  up-stream  with  two  If-inch  nozzles,  which  were  fastened  to  a  spar 
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mod  lowered  to  the  bottom.    SoandingB  showed  that  a  hole  was  readily  washed  from 
3  to  5  feet  deep,  but  that  it  filled  np  immediately  after  the  grader  moved.    There 
were  then  17  feet  of  water  on  the  bar.    We  also  tried  working  from  the  opper  side  of 
the  bar  dovm,  but  in  each  case  the  hole  filled  up  almost  immediately.    July  24  this^ 
was  siven  up,  it  being  evident  that  the  work  was  useless. 

July  28  we  began  grading  again  on  Bullerton  below  the  previous  work.  August- 
30,  run  out  at  lower  end  of  the  tow-head,  making  4,360  linear  feet,  36,606  yards.  Must 
of  this  time  we  could  use  but  one  pump.  The  cost  of  this  period  was :  Labor,  $840.50 ; 
fuel,  $199.90 ;  subsistence,  $173.80;  total,  $1,214.20.  Cost  per  yard,  3.3  cents ;  per  linear 
foot,  27  cents.  This  was  the  last  grading  performed  by  me.  September  24  I  was- 
again  transferred  to  Qrad<-r  No.  2  and  directed  to  work  in  the  chute  below  Qold  Dust. 
September  26  the  grader  sunk  while  passing  down  the  chute.  The  circumstancea 
were  related  in  my  report  of  the  occurrence.    The  grader  was  raised  October  14. 

I  have  thus  ^ven  a  sketch  of  the  amount  of  work  performed  by  the  graders,  most 
of  the  work  being  done  by  No.  4.  I  can  say  very  little  as  to  the  respective  merits  of 
the  Davidson  and  Deane  pumps.  The  advantage  seems  to  be  witn  the  Deane  for 
regularity  of  action  and  their  greater  solidity  acquired  by  the  iron  beds  and  the 
heavier  metal  of  its  parte. 

The  arrangement  of  the  wells  under  the  pumps  was  found  to  give  trouble  by  the 
pumps  sucking  the  sand  and  muddy  water  running  off  the  banks,  wearing  the  packing 
and  plungers.  While  laid  up  during  May  and  June  this  was  chanj^  so  that  the 
water  is  now  taken  from  the  bow  or  the  point  where,  as  the  grader  kes  to  the  bank 
at  work,  it  is  over  the  deepest  water  and  removed  as  far  as  possible  from  the  effect  of 
the  mod  from  the  bank.  The  wells  in  the  bow  seem  to  act  as  a  settling  tank  and 
ftimish  better  water  to  the  boilers  and  pumps,  but  they  require  to  be  frequently 
eleaned  of  the  mud  deposited. 

The  left  pump  of  Grader  No.  4  seemed  to  have  settled  out  of  line,  so  that  during  An- 
gaait  we  could  use  but  one  pump.  An  examination  also  showed  that  part  of  the  valve 
motion  had  become  so  worn  that  it  was  probably  the  cause  of  the  irregularity  of  stroke 
and  heav^  pounding  for  some  time  noticed  in  this  pump.  The  rubber  valves  seem  to 
wear  rapidly.  Two  sets  have  been  used.  The  worn  valves  have  been  refaced  in  a 
lathe,  but  after  being  so  faced  have  proved  to  be  of  verv  little  ftirther  use. 

In  working  the  grader  I  have  generally  used  one  If-fnch  nozzle  with  two  1^  inch. 
One  large  nozzle  proves  to  be  more  effective  than  two  small  ones,  but  the  small  ones 
make  the  better  grade.  There  seems  to  be  too  much  water  flowing  in  one  place  from 
the  large  nozzle.  When  using  all,  I  have  had  the  small  nozzles  working  together  near 
the  grader,  with  the  large  nozzle  about  100  feet  ahead  in  a  cut  by  itself.  Occasionally 
a  stratum  of  hard  blue  cTay  is  found  which  the  smaller  nozzles  cannot  cut,  and  I  have 
then  combined  all.  The  general  arrangement  of  btrata  has  been,  on  the  top  a  brown 
clay  from  four  to  twelve  feet  thick,  with  underlying  strata  of  sand  alternating  with 
clay;  but  these  strata  occur  in  great  variery  of  number  and  thickness.  When  the  bank 
is  entirely  of  clav  but  little  care  need  be  taken  for  a  smooth  grade.  Where  sand  oc- 
CUTS  the  method  t  have  used  has  been  to  kerp  the  top  of  the  cut  a  little  ahead  of  the 
bottom,  and  always  keening  enough  of  the  loose  soil  back  of  the  out  to  form  a  sluice 
and  prevent  the  water  flowing  back  over  the  grade.  A  gully  will  be  formed  at  the 
bottom,  but,  if  properly  managed,  this  can  l^e  filled  by  the  caving  of  the  bluff,  and 
the  sluice  advanced  as  rapidly  as  possible.  The  proper  grade  should  be  made  at  the 
first  cut ;  any  trimming  afterward  generally  does  harm.  In  some  sandy  places  the 
only  wav  we  could  prevent  gullies  was  to  throw  the  water  from  the  top  of  the  grade 
down ;  then  the  jet  after  cutting  does  not  run  down  the  grade,  but  glances  off  into  tho 
river. 

The  obst<acles  encountered  are  logs  buried  in  the  bank,  stumps,  the  willow  espe- 
cially going  deep,  willow  brush  growing  thickly  with  long  roots;  these  form  a  mat 
which  the  jet  will  not  penetrate,  and  must  be  cut  and  pulled  out.  When  practicable, 
I  have  left  stumps  standiug  on  the  ^prade ;  otherwise  tney  are  pulled  out  by  the  hoist- 
ing engine  of  the  grader.  In  freezing  weather  ice  forms  a  few  inches  thick  on  the 
surface  of  the  bank,  and  finally  falls  in  a  sheet  over  the  bank  to  be  cut.  The  jet  will 
not  cut  this  ice;  so  it  has  to  be  broken  and  moved  by  hand. 

The  small  nozzles  are  strapped  or  fastened  with  hook-bolts  to  a  lever  or  bar  held  by 
the  nozzleman ;  to  this  lever  is  fastened  a  stem  allowing  vertical  motion  to  the  nozzle. 
This  stem  is  inserted  in  a  pipe,  which,  being  pointed,  is  driven  into  the  ground  as  a 
stand.  The  stem  is  held  in  place  by  a  set-screw,  which  penetrates  into  a  recess  in  the 
stem  and  allows  free  horizontal  motion.  The  stand-pipe  is  also  assisted  by  an  anchor 
placed  forward.  The  anchors  were  first  made  with  a  rigid  bar  at  right  angles  tu  rhe 
fluke ;  this  bar  had  a  hook  at  the  end,  which  was  put  in  a  ring  on  the  stand;  but  as 
they  invariably  soon  broke  at  the  angle  between  the  flake  and  the  bar,  I  substituted 
a  chain  for  the  bar.  For  the  large  nozzles  I  at  first  tried  the  same  kind  of  stand,  but 
•oon  found  it  would  not  hold  even  with  three  anchors;  therefore  a  heavy  woodeu 
bench  having  four  legs  was  made;  this  has  worked  well,  requiring  two' anchors. 
The  large  nozzU*s  furnished  gave  way  at  the  base  by  the  copper  tube  drawing  out  of 
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the  coupliDg  ring.  JaDuary  6  this  occurred^  breaking  the  nozzleman'd  \e^;  Hiuce  then 
A  heavy  iron  clamp  with  an  eye  on  one  side  has  been  used ;  the  clamp  is  al(»o  riveted 
to  the  tube. 

For  service  on  the  bank  I  have  used  one  nozzleman  and  two  helpers  for  the  large 
nozzle,  and  one  nozzleman  with  one  helper  for  each  small  nozzle.  On  the  grader  we 
require  two  engineers,  two  firemen,  a  linesman,  and  helper. 

iSiuce  April  6,  the  party  has  been  subsisting  on  the  nearest  quarter  boat. 

To  obtain  the  data  necessary  to  make*  the  reports  of  the  efficiency  of  the  pomps, 
work  performed,  &.c.,  the  pumps  have  a  ''revolution  counter''  and  a  scale  laid  oft'nu 
the  side  of  the  pumps  to  show  the  length  of  the  stroke.  The  steam  engineer  has  ou 
A  board  placed  convenient  a  blank  form  (see  Form  2),  on  which  he  records  the  exact 
time  of  starting  and  stopping  of  the  pumps,  cause  of  stoppage,  and  the  reading  of 
the  revolution  counter  at  time  of  stopping.  The  counter  is  disconnected  when  the 
pumps  stop,  and  connected  when  the  pumps  are  started,  after  thev  have  made  the  first^ 
few  strokes  to  fill  the  boom  pipe  and  hose.  A  record  is  thus  Kept  of  the  effective 
strokes  of  the  pump.  The  theoretical  discharge  is  computed  from  the  uumber  and 
length  of  the  strokes.  The  nozzles  also  have  a  pressure  gauge  at  the  base  where  the 
stream  begins  to  contract,  which  gauge  shows  the  pressure  at  this  point,  and  the  actual 
discharge  is  computed  from  this  pressure  according  to  tables  found  in  '*  Ellis  on  Fire 
Streams.''  A  blank  form  is  fastened  up  on  the  grader  house,  and  on  it  the  nozzleman 
records  frequently  the  pressure  of  nozzles  and  pumps  at  the  same  time,  also  the  time  of 
observation,  length  of  hose,  <&c.  (see  Form  Ko.  4).  The  steam  engineer  also  makes 
daily  reports  (Form  3)  of  matters  pertaining  to  the  working  of  his  engines.  From 
these  reports  and  bank  measurements  my  re^>orts  (see  Form  1)  are  compiled. 

The  efficiency  of  the  water  cylinder  has  varied  from  75  to  85  per  cent. 

The  pressures  used  have  generally  been  about  110  or  115  pounds  at  the  pumps,  which 
gives  from  80  to  90  at  the  nozzles.  I  at  first  endeavored  to  use  higher  pressure,  but 
the  frequent  bursting  of  the  2^-inch  hoae  obliged  nie  to  use  the  low  pressure  men- 
tioned. This  2^inch  hose  was  of  rubber,  6-ply.  The  4-inch  hose  at  tirsi  seemed  able 
to  endure  all  the  pressure  I  wished  to  give,  and  I  had  no  trouble  with  it,  until  after 
laying  up  through  the  high  water  I  tried  to  use  the  large  hose  and  nozzle&  under  wat<er 
washing  the  bar.  Then  the  hose  would  not  endure  more  than  80  pounds  pump  iiress- 
ure,  and  this  weakness  still  continued  when  the  hose  was  used  for  bank  grading.  I 
have  cut  out  the  burst  places  and  inserted  couplings,  but  the  4-inch  hose  on  hand 
is  weak  and  causes  delays  by  its  frequent  bursting.  The  2^ inch  rubber  hose  has 
mostly  been  replffced  by  a  cotton  rubber-lined  hose,  EureKa  brand.  I'he  single  50-foot 
section  furnished  me  last  spring  has  given  good  satisfaction*  and  I  believe  is  still 
serviceable;  but  hose  of  apparently  the  same  kind  received  since  has  given  much 
trouble  by  bursting  at  very  moderate  pressure.  The  iirst  to  break  gave  way  at  80 
pounds;  1  had  observed  the  pressure  only  a  moment  before  it  burst.  This  hose  also 
gives  way  near  the  nozzle.  The  first  signs  are  numerous  fine  jets  issuing  all  arouud 
the  hose;  these  increase  in  size  and  number  until  the  hose  gives  way.  The  time  con- 
sumed m  replacing  coupling,  either  when  the  hose  has  burst  or  the  coupling  slipped, 
has  added  to  the  cost  of  the  work.  I  have  endeavore<l  to  have  sufficient  hose  on  hand 
so  that  these  repairs  could  be  made  at  night  or  at  times  without  iuterfering  with 
the  work,  but  several  times  have  had  to  stop  and  make  general  repairs.  When  the 
cotton  hose  is  not  in  use,  I  have  kept  it  on  the  staging  m  an  inclined  and  straight 
position.    When  in  use  this  hose  has  no  chance  to  dry,  and  this  may  tend  to  weaken  it. 

The  graders  as  they  are,  seem  to  be  very  complete  for  the  service,  and  I  have  no 
suggestions  to  ofi'er  as  to  changes  in  the  general  construQtion.  I  would  only  suggest 
that  some  arrangement  be  added  that  will  enable  the  full  power  of  the  pumps  to  be 
applied  to  pumping  from  the  hold  in  case  of  accidents  or  leaks  which  may  endanger 
the  grader. 

I  append  the  blank  forms  used  in  collecting  data  for  reports. 
Very  respectfully,  yours  truly, 

S.  P.  HATFIELD, 
United  States  Assistant  Engineer, 

Mr.  A.  J.  Frith, 

United  States  Assistant  Engineer  in  charge  Plum  Point  Beach, 
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[Form  2.] 
STEAM  ENGINSER'S  BEPORT. 


Date: 


Bzftct  time  starting. 

SxMt  time  stopping. 

Reeding 

of 
counter. 

Remerks,  eeneeof  deleye,  Ac 

U" 

ir 

ij" 

If" 

ir 

U" 

. 

(Form  3.] 
STEAM  engineer's  DAILY  REPORT. 


DaU: 


Time  of 

Presenres. 

Strokes  perminnte. 

Reeding 

of 
ooanter. 

Remarks,  time  of  delays,  and 

d»y. 

Steam. 

Pump. 

Vacnnm. 

Number. 

Length. 

cause. 

- 

(Form  4.] 
NOZZLEMAN'S  REPORT. 


Date: 


Pressures. 

T^ 

_  -Ai.  .  #  1. . 

Time  of 
day. 

Nozsle. 

Pump. 

JuOui^ui  VM,  uuao. 

Remarks,  oonditioD 
of  hose,  Ac 

11" 

H" 

ir 

A" 

21" 

• 
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I  7. 

REPORT    OF   W.  H.  P0WLBS8,    ASSISTANT    ENGINEER,   UPON    SURVEYS    ON    THE  PLUM 

POINT  REACH. 

Pulton,  Tenn.,  Xavember  5,  1883. 

Captain  :  In  accordance  with  yoor  order  of  September  14, 1  have  the  honor  to* 
■nbmit  the  following  report  for  the  eleven  months  ending  October  31,  1883. 

FUid  €md  office  work,  —The  following  is  a  statement  or  the  work  accomplished  by 
the  party : 

The  following  additional  maps  and  tracings  have  been  made : 

Numeroas  progress  sheets  have  been  prepared,  and  several  drawings  made  or 
machineiv,  Ac. 
The  following  measurements  of  discharge  have  been  made : 

•  •  n  •  •  •  « 

The  following  miscellaneons  field  work  has  been  done : 

•  •••••• 

Stage  of  ike  river. — Froih  the  hydrograph  which  accompanies  this  report  it  will  be- 
•sen  that  three  distinct  flood- waves  passed  down  during  the  eleven  months.  The 
heights  attained  by  their  crests,  and  tne  dates  of  their  passage  at  Plum  Point,  are  as- 
follows: 


HmMr. 

Date. 

Height  above 
low  wator  of 
1870. 

Heiffht  bdow 
high  water  ot 
Karoh  1,1882. 

^V8(< .  ••. 

MiiT^h1,1ff99 

F§eL 

82.20 

2&80 

ae.76 

0.62 

SMOOQ<«  . 

AxnillS.  1883 

8.92 

TUrd.... 

Jnse  30. 1888....... 

S.97 

The  first  flood  caused  a  general  overflow  between  Cairo  and  Memphis ;  but  as  it 
•obeided  venr  rapidly,  its  effect  was  lees  disastrous  than  that  of  Marcn  1,  1882.  The 
McoDd  and  tnird  flood-waves  only  overflowed  the  banks  in  a  few  localities ;  the  latter 
wsa  caoaed  by  the  Missouri  River,  and  did  much  damage  above  Cairo. 

In  accordance  with  your  instructions,  the  mean  stage  of  the  river  for  the  vears. 
ttidinff  November  1,  1882,  and  November  1, 1883,  was  computed,  a  planimeter  being 
Qsedfor  the  purpose.  The  results  obtained  were  20.6  and  14.8  reet,  respectively.. 
The  following  table  gives  the  mean  stage  for  the  months  comprising  those  years. 

Mean  etage  of  river. 


Hontha. 


VoTefmber 
^Menber, 
Janvy... 
Pebnuuy. 

^prfl.*.!!". 

July 

Aiinst... 
MpieiDber 
(Mober... 


1882  and  1883. 


1882. 
1882. 
1888. 


F0U. 
5.6 
5.2 
8.7 


1888,  25.6 

1888.  24.4 

1888.  20.0 

1883.  20.8 

1883.  24.0 

1883,  10.4 

1883.  10.5 

1883.  3.1 

1888.  3. 4 
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The  following  table  is  also  appended. 


Xumberof  days 

NoTembor  1, 

November   1, 

on  which  the 
staffe  of  the  river 
▼ane«  between — 

1881.  to 
Novemoer   1, 

1882.  to 
November  1, 

1882. 

1888. 

^•- 

^•- 

0  and   6  feet 

6  and  10  feet  — 

45 

82 

10  and  16  feet.... 

M 

26 

16  and  20  feet.... 

82 

61 

20  and  25 feet.... 

73 

42 

25 and 30  feet.... 

84 

50 

80  and  85  feet  — 

08 

20 

CHANGES  ON  THE  REACH. 

The  most  striking  change  noted  is  the  great  excess  of  the  fills  over  the  soi 
feature  probably  due  to  the  February-March  flood,  the  slackening  of  the  correnl 
the  wator  overflowed  its  banks  causing  deposits  which  subsequent  floods  have 
failed  to  remove. 

Jahport  Bend. — In  the  bend  above  Daniels  Point  rapid  caving  occurred  < 
medium  and  high  stages,  and  an  unusually  swift  current  existed.  (During  th 
ruary-March  flood  the  surface  velocity  in  this  bend,  about  300  feet  from  the  < 
bank,  was  9  feet  per  second  or  6  miles  per  hour. )  The  material  derived  froi 
caving  was  probably  deposited  over  the  bed  of  the  river  in  Ashport  Bend,  whc 
current  was  much  more  slack.  This  deposit  in  turn  caused  a  contraction  of  sec 
area  from  which  the  river,  owing  to  the  curvature  of  its  left  bank  and  the  ! 
-of  its  material,  sought  relief  in  caving  rather  than  in  bed  erosion.  Approxima 
nes  of  the  volume  of  scours  and  fills  in  this  locality  were  as  follows: 

Cnl 

Volume  of  caving  bank  in  bend  above  Daniels  Point 170, 0 

Volume  of  caving  bank  in  Ashport  Bend 106, 7 

Volume  of  bed  erosion  in  Ashport  Bend 86,0 

Volume  of  fill^over  bed  in  Ashport  Bend 429,2 

Assuming  that  the  volume  of  caving  in  the  Ashport  Bend  has  been  carried 
the  volume  deposited  in  the  bed  which  has  been  derived  above  from  sources 
than  the  caviug  bank  in  the  bend  above  Daniels  Point  is  152,500,000  cubic  feet 

The  values  of  the  mean  depths,  widths,  and  sectional  area  at  low  water  are 
in  a  table  accompanying  this  report,  and  are  also  represented  graphically  on  a  ti 
The  following  are  the  mean  values  in  this  part  of  the  river. 


Mean  dkanges  in  Aehpart  Bend,  Nob,  20-27,  hoik  \nclu9we. 

Decrease  in  high-water  sectional  area square  feet.. 

Decrease  in  low- water  sectional  area do 

Decrease  in  low- water  mean  depth feet.  - 

Increase  in  low- water  width do 

Ranges  Noe,  27-31. — The  changes  over  this  portion  of  the  river  consist  in  a 
along  the  main  dike  and  a  fill  in  the  channel.  The  maximum  value  of  the  foi 
10  feet  and  its  average  about  5  feet.    The  maximum  fill,  23  feet,  occurs  on  No. 

Main  rirer,  Noe,  32^38. — An  inspection  of  Nos.  32  and  33  shows  that  a  very 
fill  has  occurred  ofi*  Elmot  Bar,  which  has  been  accompanied  by  marked  cavi 
the  Arkansas  shore.  On  No.  33  the  area  of  this  fill  and  caving  are  nearly  equ 
•on  No.  32  the  fill  is  largely  in  excess.  The  caving  in  this  locality  has  formed 
point  below  No.  33,  the  tendency  of  which  is  to  throw  the  water  toward  the 
£lmot  Bar.    This  efiect  is  particularly  noticeable  on  No.  36. 

Elmoi  Chute, — The  changes  in  this  chute  are  as  follows:  Over  areas  behind  t 
dikes  a  fill  has  generally  resulted ;  over  areas  behind  the  gaps  recently  closed  a 
has  occurred ;  on  Nos.  30  and  31,  at  Keys  Point,  a  caving  bank  and  a  maki: 
have  shifted  the  channel  to  the  south,  while  lower  down  along  Elmot  Bar,  from 
to  37,  similar  causes  ^ave  shifted  the  channel  to  the  north.  Below  No.  38  the 
has  made  a  new  low- water  mouth  along  the  outside  of  Island  No.  30,  causin, 
heavy  scours.    Owing  to  this  and  to  the  caving  banks  before  mentioned,  the  res 
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ebsDge  in  the  high-water  sectional  area  shows  an  increase.    The  increase  in  the  area 
.of  the  low-water  section  is  not  so  marked,  owing  to  the  bulk  of  the  erosion  occurring 
tbove  low-water  mark. 
The  following  are  the  yalnes  of  these  changes : 

Mean  changes  in  Elmot  Chute. 

K08. 27-42,  excepting  Nos.  2d  and  31 : 

Increase  in  sectional  area,  high  water square  feet..  3,340 

Increase  in  sectional  area,  low  water do 420 

Increase  in  mean  depth,  low  water.... feet..  1. 1 

The  npper  mouth  of  Elmot  Chute  at  the  foot  of  Elmot  Bar  is  about  the  same  as- 
doring  the  December-February  survey.  It  filled  up  completely  during  the  high 
stage,  but  cut  out  again  when  the  river  fell. 

Chute  No,  30. — The  dosing  of  this  chute  at  its  head,  which  was  commenced  in  1881,. 
ftill  continues.  It  is  now  entirely  cut  off  at  the  low  stage,  and  has  not  been  taken 
into  account  in  computing  mean  values  of  low-water  areas,  &.c. 

The  mean  changes  in  its  three  cross-sections  are  as  follows : 

Decrease  in  high-water  sectional  area square  feet . .  2, 53.  OO 

Decrease  in  low-water  sectional  area do 710. 0 

Decrease  in  low-water  mean  depth feet..  0. 6* 

(keeola  Chute. — The  changes  in  this  chute  have  been  as  follows: 

Upper  Osceola  Chute,  Nos.  39f,  40,  40i,  41,  41i,  42,  and  43. 

Mean  decrease  in  high- water  sectional  area square  feet . .  4, 396. 0' 

Mean  decrease  in  low-water  sectional  area do 946.  0* 

Mean  decrease  in  low-water  mean  depth feet. .  1. 9* 

The  maximum  fill,  17-|^  feet,  occurs  on  range  42. 

Lower  Osceola  Chute ,  Nos.  45-47. 

Mean  increase  in  low-water  sectional  area square  feet . .  40* 

Main  River ,  Nos.  37-50. — On  this  portion  of  the  river  the  most  noticeable  change  ia 
the  continued  caving  along  Osceola  Bar,  extending  from  Nos.  41-47,  and  tending  to- 
shift  the  channel  stiU  further  toward  the  Arkansas  shore.  The  closing  of  chute  No. 
30  at  low  stages,  and  the  deepening  of  the  lower  mouth  of  Elmot  Chute,  have  caused 
a  marked  shoaling  (maximum  value,  44  feet  on  No.  42)  of  the  old  channel,  and  a  scour- 
iDg|  along  the  Tennessee  shore,  against  which  the  water  from  Elmot  Chute  impinges. 
This  water  is  there  deflected  and  then  scours  the  old  channel  at  No.  44,  and  thereby 
caosee  the  fill  in  the  locality  where  the  Government  fleet  formerly  lay.  It  also  ap- 
pears that  a  shoaling  of  22  feet  has  occurred  at  the  Plum  Point  Landing  (No.  45). 
At  No.  48,  a  fill  averaging  16.4  feet  has  occurred  for  a  distance  of  2,400  feet,  in  front 
of  the  Osceola-BuUerton  Dike,  while  a  marked  scour  has  taken  place  in  the  channeL 
Behind  this  dike  a  fill  averaging  10  feet  in  depth  has  occurred  on  No.  48  for  a  distance 
of  700  feet,  and  on  No.  49  a  fill  averaging  10.6  feet  extends  to  the  Arkansas  shore. 

Main  riverj  No.  50,  to  head  oj  Yankee  Bar. 

On  No.  50  a  scour  has  occurred  on  the  upper  side  of  BuUerton ;  shoal  water  still 
continues  along  the  outside  of  Bullerton  Tow-head  off  its  head,  but  a  channel  has 
flcoored  out  about  1,200  feet  from  it,  giving  10  feet  at  low  water  down  this  passage. 
Below  No.  50  a  fill  has  generally  occurred  over  Bullerton  Bar,  except  on  rauge  56, 
wliere  a  scour  has  taken  place,  owing  to  the  recession  of  the  bluff  sand-bank  which 
forms  the  right  shore  of  the  Tennessee  Chute,  below  No.  55.  A  marked  scour  has  oc- 
curred off  the  outside  of  Bullerton  Tow-head,  at  No.  52  and  53,  and  a  deepening  has 
also  taken  place  at  its  foot.  This  latter  change  is  not  shown  on  the  tracings;  it  oc- 
cnrred  between  the  surveys  of  August  and  October,  and  amounted  to  3  feet. 

BuUerton  Chute. — The  following  show  the  mean  changes  in  Nos.  50,  51,  52,  and  53,  in 
this  chute : 

Square  feet. 

Increase  in  high-water  sectional  area 1,212 

Increase  in  low-water  sectional  area 1, 481 

Below  head  of  Yankee  Bar, — Below  Range  58  the  changes  are  not  very  marked.  Owing 
to  hiirb  water  caving,  No.  58,  which  formerly  crossed  Yankee  Bar,  now  passes  above 
i^   laying  still  continues  above  Craighead  Point. 
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Yankee  Bar  Chute, — No  data  exists  for  noting  the  changes  in  this  locality.  Appear- 
4Uioes,  however,  indicate  a  fill  throughout  its  whole  extent. 

<^hange$  in  Elmot  and  Island  Xo,  30  chutes  between  surveys  of  Aprilf  1882,  and  September- 
October,  1883. 

The  surveys  of  April,  1882,  being  made  before  the  dikes  were  commenced,  this  com- 
parison grives  an  idea  of  the  changes  caused  by  them.  The  cavine^  of  the  banks  at 
Key's  Point  and  Elmot  Bar  and  the  deepeniug  of  the  chute  below  No.  38  had  begun 
several  years  before  the  dikes  were  commenced,  and  their  erection  has  not  as  yet  caused 
any  changes  in  these  localities.  The  shoaling  of  the  chute  of  No.  30  at  its  head  is  of 
several  years'  standing,  and  still  continues. 

On  a  tracing  the  dikes  are  shown  as  they  existed  about  Augast  1,  as  the  Raps  in 
them  which  have  very  lately  been  closed  must  have  influenced  greatly  the  onanges 
which  have  occurred.  These  changes  are  very  similar  to  those  already  noted  above 
4IS  occurring  between  the  surveys  of  December-February,  1882-3,  and  October,  1^3. 
On  No.  31,  outside  of  the  dike,  a  fill  is  shown,  but  the  former  comparison  shows  that 
this  has  since  been  scoured  away.  • 

The  mean  changes  which  have  occurred  in  these  chutes  are  as  follows : 

Increase  In  high- water  sectional  area square  feet..  1,273 

Decrease  in  low- water  sectional  area do 557 

Increase  in  low-water  width feet..  106 

Decrease  in  low-water  mean  depth do  . .  0. 1 

An  approximate  value  of  the  excess  of  the  volume  of  scour  over  that  of  fill  between 
the  higli-water  sections,  from  28  to  42,  is  22,426,000  cubic  feet. 

Gauging  observations. — Gauging  observations  have  been  made  with  double  floats, 
run  at  mid-depth  and  observ^  from  the  end  of  a  base-line  several  hundred  feet  long. 
An  ordinary  watch  was  used  for  observing  time.  The  distance  over  which  the  pas- 
sage of  floats  was  observed  was  200  feet. 

The  computed  discharges  mentioned  in  the  table  of  results  given  below  (Appendix) 
have  been  computed  from  the  equation  of  the  Fulton  discharge  curve  Riven  in  my 
report  of  July  11,  1881,  to  the  Commission.  The  observed  values  of  the  discharge  of 
the  river  at  Bullerton  Tow-head  on  September  5  and  October  26  differ  from  tliose 
•computed  by  3^  and  1  per  cent.,  respectively. 

It  will  be  seen  that  the  discharge  in  Lower  Osceola  Chute  ceases  at  a  sta^  of 
about  4  feet ;  at  a  stage  of  25  feet  it  passes  about  7  per  cent,  of  the  volume  of  the  nver. 
The  observations  taken  in  Elmot  Chute  show  that  in  June  the  upper  mouth  discharged 
about  one-half  more  than  the  lower  mouth,  but  that  in  October  these  discharges  were 
4iibout  equal.    The  discharge  of  Chute  30  ceases  at  about  a  6-foot  stage. 

The  ratio  of  the  discharge  of  Bullerton  Chute  to  the  entire  discharge  of  the  river 
varies  inversely  as  the  stage.  On  September  15  (stage  4.9  feet)  its  value  was  0.62; 
on  October  26  (stage  5.4  feet)  this  was  reduced  to  0.50,  owing  to  a  scouring,  both  in 
the  Tennessee  and  middle  channels. 

SLOPE  OBI^BRVATIONS. 

A  table  accompanving  this  report  gives  a  comparison  of  the  profiles  of  the  river  on 
March  1,  1882,  on  which  date  it  reached  the  highest  level  on  record,  and  on  October 
12,  1883,  when  the  stage  at  Elmot  was  3  feet  above  low  water  of  1879.  It  will  be 
«een  that  the  value  of  the  fall  from  Ash  port  to  Fulton  is  1.36  feet  greater  at  the  low 
than  at  the  high  stage.  This  difference  is  a  maximum  at  Potty's  Landing,  the  fall 
between  that  point  and  Ashport  being  3.28  feet  greater  at  the  low  stage. 

The  following  values  of  the  fall  through  Bullerton  Chute  from  Driver's  toPetty's 
Landings,  are  given: 


Date. 

Above  low  water  at  Driver's  Landing. 

FalL 

March  1.1882 

Feet 
33.0 

0.68 

October  12. 1888 

2.1 

2.5S 

2fo vember  — .  1879 

0.2 

3.27 

From  the  tracing  showing  the  two  profiles,  it  is  seen  that  the  excessively  high  slope 
in  the  vicinity  of  Bullerton  Tow-beaa  is  accompanied  by  a  low  value  of  the  curve  of 
mean  depth ;  also,  that  a  marked  scour  has  occurred  in  the  locality  where  at  the 
high -water  of  March  1,  1882,  a  very  heavy  slope  was  found. 

During  the  low- water  surveys  of  August-September,  1883,  and  October,  1883,  ^reat 
variations  were  found  in  the  level  of  the  water  at  the  opposite  extremities  oi  the 
cross-sections  in  the  vicinity  of  Bullerton  Tow-head,  caused  doubtless  by  a  shoal  at 
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the  lower  end  of  th^  Tenneasee  Chate,  acting  as  as  a  dam  and  forcing  back  the  water. 

On  October  22  the  following  differences  in  elevation  were  found : 

Feet 

Elevation  of  No.  50  Tennessee  above  No.  50  Arkansas 0.62 

Elevation  of  No.  51  Tennessee  above  No.  51  Arkansas 1.33 

Elevation  of  No.  53  Tennessee  above  No.  53  Arkansas 1.G2 

Elevation  of  No.  54  Tennessee  above  No.  54  Arkansas 1.73 

Elevation  of  No.  58  Tennessee  above  No.  58  Arkansas 1.78 

An  erosion  is  now  occurring  at  this  shoal  in  the  chute,  the  effect  of  which  will  be 
to  lessen  the  above  differences  and  increase  the  discharge. 

CAVING  BANKS. 

Aikpart  Bend. — The  length  of  the  caving  bank  in  this  bend  Is  about  14,000  feet, 
extending  from  No.  21  to  26,  and  the  greatest  annual  rate  of  caving  is  at  present  540 
feet.  Tw  cavinc  since  the  fall  of  1879  bas  amounted  to  about  700  feet.  As  far  as 
observed,  caving  here  occars  wholly  at  medium  and  high  stages. 

Bdcw  Fletcher' 9. — Caving  here  extends  from  the  mouth  of  Mill  Bayou  to  the  false 
point  below  No. 33,  a  distance  of  8,000  feet;  of  late,  however,  but  little  caving  has 
occurred  above  No.  ^.  The  maximum  caving  now  occurs  at  No.  33,  where  the  annual 
nte  is  600  feet. 

iMxde  of  Elmot  Bar, — Below  No.  34  the  caving  which  was  in  progress  in  1879  still 
Actively  continues,  and  to  it  is  due  the  erosion  ot  the  lower  mouth  of  Elmot  Chute  and 
the  closure  of  Chut-e  No.  30  at  its  head.  The  length  of  the  caving  is  about  5,000  feet, 
and  the  present  maximum  rate  is  360  feet  per  year. 

Outiide  of  Osceola  Bar. — The  caving  in  this  locality  has  been  in  progress  since  1879, 
since  which  date  the  head  has  receded  down-stream  3,000  feet,  and  the  cut  now  known 
as  the  middle  entrance  formed.  The  caving  siuce  1879  has  been  1,600  feet  at  No.  41, 
and  700  at  No.  44.  The  maximum  caving  of  late  has  been  at  No.  44,  where  the  bank 
has  receded  250  feet  in  ten  months.  At  present  no  caving  is  occurring  in  the  locality, 
the  bank  having  been  revetted. 

Belcw  San  Souci. — Caving  still  coutiuues  in  this  locality  and  is  most  marked  at  the 
low  stage  owing  to  the  swift  current  in  Bullertou  Chute.  The  length  of  the  caving 
bank  is  about  3,700  feet,  and  its  present  maximum  rate  270  feet  per  annum. 

^1  and  above  Craighead  Point, — This  caving  occurs  almost  entirely  at  medium  and 
high  stages.  Its  length  is  about  15,000  feet  extending  from  No.  56  to  No.  68.  The 
maximum  rate  is  about  260  feet  per  year. 

Head  of  Yankee  Bar. — At  high  stages  a  very  swift  current  was  thrown  against  the 
head  of  Yankee  Bar,  due  probably  to  heavy  fills  in  Yankee  Bar  Chute.  The  bank 
beioz  composed  of  sand  has  receded  very  rapidly,  the  amount  of  recession  being  1,200 
feet  from  January  to  October,  1883. 

Local  high-water  caving  has  occurred  at  Keys  Point,  left  bank  of  Chute  No.  30,  and 

Tennessee  shore  below  Plum  Point. 

•  •••••• 

SUMMARY  OF  CHANGES  ON  THE  REACH. 

The  following  table  exhibits  the  mean  values  of  cross-section  areas,  &>o.,  from 
Daniels  Point  to  Fort  Pillow.  In  all  computations  relating  to  low- water  dimensions, 
the  following  chutes  in  which  no  current  exists  at  low  water  have  been  disregarded. 

Aehpart,  Oeceola,  No.  30,  and  Yankee  Bar. 

Mean  values  No.  17  to  71. 

(These  ▼olnmea  have  been  measared  with  a  planimeter  fh>m  oarres  shown  on  tracing.) 

Decrease  in  high-water  sectional  area square  feet..  4,438 

Decrease  in  low-water  sectional  area do 4,728 

Decrease  in  low-water  mean  depth feet..  0.9 

Decrease  in  low-water  width do 109 

Area  in  low- water  sections  December,  1882,  February,  1883 square  feet. .  49, 520 

Area  in  low-water  sections  October,  1883 do....  44, 792 

Low- water  mean  depth  December,  1882,  February,  1883 feet . .  15. 4 

Low-water  mean  depth  October,  1883 do 14.5 

Low-water  width  December,  1882,  February,  1883 do 3, 308 

Low-water  width  October,  1883 do 3,199 

The  value  of  the  decrease  in  high-water  sectional  area  would  be  probably  materially 
increased  if  the  fills  in  Ashport  and  Yankee  Bar  Chutes  had  been  ascertained.  This 
omiasion,  however,  has  not  effected  the  values  for  the  low-water  sections. 
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The  following  is  a  sammary  of  the  Tolames  of  filla  and  scours  over  the  reacb^ 
between  the  surveys  of  December,  1(^,  February,  1883,  and  October,  1883. 

Feet 

Volume  of  fill  below  ordinary  high- water  mark '. 726,500,000 

Volume  of  fill  below  low-water  mark 655,000,000 

Volume  of  fill  above  low-water  mark 70,700,000 

Volume  of  scour  below  ordinary  high- water  mark 257, 900, 000 

Volume  of  scour  below  low-water  mark 142, 500,  OOO 

Volume  of  scour  above  low-water  mark 115, 400,  OOO 

•  •••••• 

My  assistants,  Messrs.  Phillips,  Manrer,  and  Clark  have  rendered  valuable  and  effi- 
cient service. 
Respectfully  submitted. 

W.  H.  POWLESS, 

AssUtant  Engineer. 
J.  G.  D.  Knight, 

Captain  of  Engineers,  U,  S.  A. 


Beeulis  ofg 

lauging 

ohservatione. 

Locality. 

Date. 

i 

1 

i 

1 

1 

% 

1 

• 

s 

Maximum   mid 
depth  Telocity. 

Observed  discharge. 

1888. 

Feet 

Sq./ut 

FMt 

Itper  9€e. 

FLptT  tee. 

Ou.fLper9«e. 

Elmot  Chute  at 

Range  88 

June  27 

26.60 

75, 781. 6 

2L0 

4.70 

5.90 

357,051.4 

0.370 

July  18 

17.00 

49, 150. 0 

16.1 

i.00 

4.55 

196,261.0 

0.356 

Oct    11 

2.60 

22,802.0 

0.140 

Elmot  Chute  at 

foot  of  Elmot 

Bar 

June  25 
July  18 
Sept  20 
Oct    11 

26.50 

17.00 

3.00 

215,381.4 
97.676.0 
11, 02&  0 

0.220 

0.182 

2,078.0 

6.4 

8.71 

4.09 

0.060 

2.60 

8, 570. 0 

6.6 

8.20 

8.70 

11,502.0 

0.071 

Elmot  Chnte, 

lower  month, 

at  Range  89. . . 

June  25 

26.50 

28,154.1 

28.4 

S.0 

5.26 

141,670.0 

0.150 

July  1» 

17.55 

20, 531. 1 

22.3 

4.8 

5.55 

08,586.0 

0.174 

Sept  20 

1.95 

5,100.0 

6.1 

1.76 

2.17 

8,984.0 

0.074 

Oct.   11 

2.70 

5,400.0 

6.5 

2.00 

2.70 

11, 800. 0 

0.060 

Small  chute  op- 

posite   tow- 
head  on  Range 

83 

June  26 

26.60 

0,186.0 

15.8 

8.80 

4.20 

86,077.0 

0.040 

July  18 

17.00 

8, 761. 0 

7.2 

8.80 

5.71 

14,344.0 

0.020 

Sept  20 
Oct    11 
June  26 
July  18 
Sept.  20 
Oct   11 

1.95 

...••• 

0 

2.70 
26.60 
17.00 

0 
159. 824. 7 
57, 850. 2 

Chnte  No.  80  . . . 

0.190 

0.105 

1.95 

0 

2.70 

0 

Osceola    Chute 

at  Range  41 . . . 
Osceola  Chute, 

July    5 

25.80 

21, 449. 0 

17.8 

1.2 

1.8 

26,545.2 

0.02S 

Range  42,  Ar- 

kansas shore.. 

July    5 

25.80 

8,562.0 

14.0 

1.57 

2.00 

13, 552. 6 

0.013 

Osceola  Chute, 

Range  45 |  May  10 

23.30 

16,356.8 

21.6 

8.60 

4.20 

59, 074. 5 

0.070 

July    6 

25.80 

16, 687. 0 

20.2 

4.00 

4.60 

65,671.8 

0.071 

July  17 

16.60 

9,000.0 

13.2 

8.12 

8.60 

28, 148. 0 

0.052 

Osceola  Chute, 

Range  48 

Sept    5 

4.95 

3, 364. 0 

&2 

0.36 

0.45 

1, 211. 0 

0.006 

Bnllertou  Chute 

at  Range  53... 

May  10 

23.30 

42,180  5 

40.9 

4.60 

5.35 

194, 774. 4 

0.240 

July  17 

16.60 

35, 924. 0 

37.2 

5.02 

5.80 

182. 235  0 

0  337 

Sept    5 

4.95 

24,688.0 

25.5 

5.10 

7.00 

126,431.0 

0.620 

Oct    26 

5.35 

24, 050.  0 

23.4 

4.48 

5.27 

107,  711.  0 

0. 505 

Middle  Channel, 

1 

Range  53 

Sept.   5 

4.05 

18,  700.  0 

9.2 

2.80 

3.71 

52,238.0 

!         0.255 

Oct.    26 

5.35 

18,  600.  0 

8.6 

3.54 

4.32 

65, 875.  0 

0.308 

Tennessee 

. 

Chute,  Range 

i 

63 

Sept.    5 
Oct.    26 

4.95 

10. 400.  0 

7.7 

2.50 

3.13 

25  502  0 

1         0  125 

5.35  I  12.650.0 

8.6 

3.34 

4.50 

40,25S.O 

0.180 
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Discharge  of  entire  river  at  Range  53. 


Dfela. 


teis^un 

Oa  21;  1883. 


I 

o 


4  95 
&8S 


I 


I* 


e.21 

aL24 


I 


788 
54,700 


3 


FmL 
4,845 
4,618 


I 

I 


12.8 
1L8 


O 


ItjMT 

8.7 
8.8 


Ou-fLpertte. 
204,100.0 
213,841.0 


Ou.Jtp€r 
211. 700 
211,724 


Difbrenoe. 


Cfu^/Lper 
7,800 
2.U7 


Oi  Sfptflmber  5  the  river  wm  fkUiofc.    On  October  26  the  river  wm  atatioiiAry. 


APPENDIX    K, 

rvokt  op  major  a.  m.  miller,  corps  of  enginbkr8,  upon  operations  ik  the 

second  district,  mississippi  river. 

United  States  Engineer  Office, 

Mempkie,  Tenn,,  November  12,  1883. 

Colonel:  In  compliance  with  your  letter  dated  September  6,  1863,  I  have  the 
honor  to  snbmlt  the  following  report  of  work  done  since  December  1,  1882,  in  the 
ieeond  district,  nnder  the  supervision  of  the  Mississippi  River  Commission. 

MEMPHIS  REACH  AND  HARBOR. 

Bank  protection. 

In  November,  1882,  a  project  was  submitted  for  work  on  the  Memphis  Beach,  from 
foot  of  Island  No.  40  to  Soanlan's  Landing,  and  the  revetment  of  the  bank  in  Hope- 
fiald  Bend  on  the  west  bank,  and  fh)m  Frame's  Chute  to  mouth  of  Wolf  Kiver  on  the 
«tit  bank,  was  approved  by  the  Commission,  an  allotment  of  |300,000  having  been 
Bade  for  this  purpose,  and  at  a  subsequent  meeting  of  the  Commission,  on  my  urgent 
representation,  an  additional  allotment  of  |25,000  was  made  for  the  purpose  of  re  vet* 
tingand  securing  the  bank  on  the  Memphis  front,  from  the  freight  elevator  to  mouth 
of  Wolf  River,  where  caviuff  seriously  threatened  great  damage  and  the  probable 
entire  destruction  of  very  valuable  miUs,  the  cotton  compress,  and  freight  elevators. 

MEMPHIS  FRONT,   BELOW  WOLF  RIVER. 

The  work  of  sinking  mattresses  was  nearly  completed  on  December  1,  1882;  since 
that  date  five  mattroMes  were  sunk,  three  in  the  vicinity  of  the  cotton  compress,  and 
two  in  front  of  the  city  levee,  as  sno wn  on  map.  The  upper  bank  was  graded  by 
hand,  from  the  elevator  to  cotton  compress  and  revetted  with  willows  and  broKen  stone. 
In  addition  to  the  revetment  of  the  bank  it  was  necessary  to  build  wooden  culverts 
to  lead  the  city  drainage  to  low  water,  in  order  to  prevent  its  cutting  the  bank  into 
gullies,  and  thus  causing  fresh  caving. 

The  amount  of  work  completed  here  was  as  follows :  Five  mattresses  60  by  120  feet  ^ 
30O  linear  feet;  13,700  cubic  yards  bank  excavation;  3G2  feet  wooden  culverts  2  by 
2  feet ;  6,273  square  yards  of  upper  bank  revetment. 

This  work  has  apparently  accomplished  the  object  for  which  it  was  constructed, 
that  is,  the  prevention  of  further  bank  caving.  It  has  stood  well  the  high  water  of 
1883,  and  quite  a  growth  of  willows  has  made  its  appearance  on  the  upper  oank  revet- 
ment. Some  repairs  may  be  necessary  from  time  to  time  to  keep  the  culverts  in  order. 

REVETBfENT  OF  HOPEFIKLD  BEND. 


Thi«  work  consisted  in  sinking  deep-water  mat  tresses,  building  upper  bank  protec* 
tion,  and  the  grading  of  bank  above  low  water .    Th^  object  of  the  work  is  to  hold 

H.  Ex.  37 25 
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the  river  Id  itH  present  channel,  thns  preventing  a  possihle  cut-off,  which  would  leave 
the  city  of  Memphis  away  from  the  river.  "TT't^Nri: 

The  project  contemplated  the  revetment  of  the  hank  from  Mound  City  Landing^ 
ahove,  for  a  diHtance  of  two  miles,  to  a  point  in  the  vicinity  of  HopefieId\ 

Active  operations  were  hegnu  in  Deeeinher,  1882,  hy  the  employment  of  hydraulic 

frader  No.  2,  in  grading  the  bank  and  mattreHs  sinking,  which  was  continued  until 
ebruary  10,  IBS!?,  when  high  water  put  a  st<jp  to  the  work.     Owing  to  the  condition 
of  the  river  during  the  sinking  of  mattress  work,  rapidly  rising  water,  much  diffi- 
culty was  experienced  from  drift  and  a  strong  current,  it  was  therefore  not  consid- 
ered safe  to  construct  continuous  mats.    Tlie  mattresn^s  were  therefore  sunk  in  lengths 
varying  from  250  to  300  feet,  all  having  a  width  of  140  feet.  <  -   :  i  ^ 

On  February  10,  1883,  high  water  caused  a  suspension  of  the  work,  at  which  time 
1,127  linear  feet  of  mattress  140  feet  wide  had  been  placed  in  position.  j^ij^Q 

Work  was  resumed  in  Auijust,  1883,  and  is  still  in  progress. 

The  total  amount  of  work  done  since  December  1,  1^82,  to  October  31,  1833,  ha» 
been  as  follows:  6,956  linear  feet  of  mattress  140  feet  wide  made  and  sunk;  7,529^ 
linear  feet  of  matti-ess  140  feet  wide  made;  67,242  cubic  yards  of  bank-grading; 
6,663.5  cords  of  willows  cut  and  delivered;  415  cords  of  poles  cut  and  deliver^; 
4,922.25  square  yards  of  upper-bank  protection  ma<te. 

In  addition,  snagging,  bunk  clearing,  and  repairs  were  carried  on,  for  details  of 
which  reference  is  made  to  the  report  of  Mr.  W.  M.  Rees,  assistant  engineer  (marked 
B),  forwarded  herewith,  whose  diligence  and  tact  in  immediate  charge  of  the  work 
has  been  of  great  value. 

The  portion  of  the  bank  revetment  1,127  linear  feet,  built  December,  1882,  to  Feb- 
ruarys 1883,  and  which  has  experienced  the  effects  of  the  high  water  of  1883,  when 
the  water  was  5  feet  over  the  banks  at  the  point  revetted,  has  shown  good  stability. 
Alter  the  water  fell  a  small  cave  occurred,  owing  to  a  want  of  continuity  of'  the  mat- 
tresses, which  wa«  rectified  by  placing  a  mattress  over  the  vacant  spot.  The  upper 
end  or  bead  of  the  mattress  work  will  require  some  additional  work  to  secure  it.  but 
in  its  present  condition  is  secure  from  serious  damage.  The  effect  of  the  next  oigb 
water  upon  this  work  is  looked  forward  to  with  great  interest,  as  it  will  probaldy 
decide  many  points  in  this  method  of  protection.  It  does  not  apper  to  be  akdvisable 
to  undertake  this  kind  of  work  until  the  water  has  nearly  if  not  quite  reached  its 
lowest  stage,  although  this  depends  somewhat  on  the  depth  of  water  at  the  bank  to 
be  revetted.  At  high  water  it  has  been  found  very  difficult  to  place  the  mats  in  proper 
position,  as  the  tendency  is  t-o  slide  or  run  up  against  the  bank,  thud  resulting  in 
upper  bank  protection,  when  it  is  essential  that  the  lower  bank  snould  first  be  held. 
The  principal  cause  of  delay  in  the  work  h:is  been  dithculty  in  procunug  willows. 
During  low  water,  when  it  is  absolutely  essential  to  push  the  work  as  rapidly  as  pos- 
sible, the  very  worst  conditions  obtain  in  reference  to  procuring  willows;  that  is. 
they  must  be  hauled  quite  a  distance  to  get  thtm  on  the  barges.  This  is  the  principal 
item  in  their  cost.  The  practice  on  this  reach  has  been  to  build  wooden  tramways 
and  cars  and  haul  them  by  mules.  It  is  not  possible  to  obtain  willows  at  high  water, 
and  keep  them  on  hand  for  use,  as  they  must  be  fresh,  or  are  so  brittle  as  to  be  useless 
for  weaving.  Delay  from  lack  of  stone  has  not  been  felt  very  seriously  on  this  work, 
as  the  amount  required  has  been  comparatively  small;  on  one  occasion  recourse  was 
had  to  sacks  tilled  with  buckshot  clay  to  sink  a  mattress,  and  the  work  seems  to  have 
held  well ;  4,300  gunny  sacks  were  used  at  a  cost,  and  loaded  on  barges,  filled,  of  about 
$387  ;  their  weight  was  equal  to  about  214  cubic  yards  of  stone. 

Labor  has  been  plentiful,  but  difficult  to  keep  employed  on  account  of  the  un- 
healthy climate.  Whitti  labor  has  been  employ^-d  with  the  exception  of  one  willow 
party,  which  was  composed  of  negroes  with  white  overseers.  They  gave  better  sat- 
isfaction cutting  willows  than  white  labor,  but  were  more  difficult  to  Keep,  as  when  a 
week's  wages  were  due  them  they  would  quite  generally  leave  and  lay  idle  till  their 
waj'es  were  spent. 

The  report  of  Assistant  Engineer  Joseph  Bumey  (Appendix  K  1)  showing  all  the 
work  done  on  Memphis  Harbor  is  transmitted  herewith. 

REPAIR  OF  LBVEEP,  YAZOO  FRONT. 

The  Board  of  Engineers  convened  by  Special  Orders  No.  88,  Headquarters  Corps  of 
Engineers,  Washington,  D.  C,  August  29,  1882,  for  the  transaction  of  certain  bust 
ness  connected  with  the  repair  and  building  of  levees  on  the  Mississippi  River,  opened 
bids  for  the  construction  and  repair  of  levees  September  25,  1882,  and  a  further  let- 
ting was  made  on  October  16,  1882.  The  following  are  the  abstracts  of  bids  for  re- 
pairs of  levees  in  the  second  district  of  the  Mississippi  River  Improvement. 
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Abstract  of  bids  opened  September  25,  1882. 


a 

i 

Names  of  bidders. 

Locality  of  levee. 

|I 
II 

Pi 
$0.87 

IS 

32 

23 
22 

Price  of 
felling 
timber. 

Remarks. 

4B 

7 
10 

20 

B.  6.  Hoeton,  CinciDnati, 
Ohio,  John  B.  Neely, 
Chattanooga,  Tenn. 

J.  W.  Eldridge.  Lake 
Chariee  Landing,  Miss. 

HoGavock  &  Tate,  Mem- 
phis, Tenn. 

Wirt     Adams,      president 
Mississippi  Contract  and 
Improvement    Company, 
Jackson,  Miss. 

Parker's  Enlargement  and 
breaks. 

I  Lake  Charles  break < 

Parker's  Enlargement  and 
breaks. 

Parker's  Enlargement  and  C 

breaks.                              < 

Lake  Charles  break ( 

IM  ^er 
acre. 

Cost  and 

10  per 

cent. 

(*) 

)  Excavation. 
3  Embankment. 

*  Heavy  clearing,  $48  per  acre ;  light  clearing,  $36  per  acre. 

KoTE.— Contracta  were  awarded  to  McOavock  and  Tate  for  Parker's  Enlargement  and  breaks,  and 
to  J.  W.  Eldridge  for  Lake  Charles  break,  Wirt  Adams  having  declined  on  account  of  decision  refas* 
iog  employment  of  convict  labor. 


Abstract  of  bids  opened  October  16,  1882. 


.0. 

o 


Names  of  bidders. 


e 

10 


Patrick  F.  Lamb,  Bolivar 
Coanty,  Mississippi. 

W.  M.  Forrest  and  J.  T. 
Stanton,  Memphis,  Tenn. 

Arnold   St,   Co.,   Memphis, 
Teno. 

HcGavock  &,  Tate,  Colorado. 


Andrew  Bodkin,  Memphis, 
Tenn. 

F.  Gillooly  and  John  Clan- 
cey.  Meimphis,  Tenn. 

Thnothy  Sullivan.  Doni- 
phan, Mo. 


Locality  of  levee. 


Bland's    Bayoa 
land's. 


to    Gktr- 


Garth's 
son's. 

do. 


break  to  Jeffer 


1 


Bland's 
Garth's 

son's. 
Blend's 
Garth's 

son's. 
Bland's 
Garth's 

son's. 
do. 


Bayoa  to  Garland's 
break   to  Jeffer- 

Bayon  to  Garland's 
break    to   Je£fer- 

Bayoa  to  Garland's, 
break    to   Jefi'er- 


0 

II 
Pi 

«0  26i 
28 
22i 
27i 


"sis 

X-2  P. 

Pi 


Remarks. 


24| 
28 

38 
25 

25 
241 

22 


|75  00 
75  00 
50  00 
50  00 
50  00 
75  00 

75  00 
40  00 

40  00 
40  00 

40  00 
45  00 

75  00 


Embankment. 
Excavation. 
Jeffen*on  break. 
Beard  break. 
McClond  break. 


Ken.— Contracts  were  awarded  to  Timothy  Snllivan  for  levee  from  Garth's  break  to  Jefferton*a,  an^ 
to  Arnold  it.  Co.  for  levee  from  Bland's  Bayoa  to  Garland's,  their  bids  being  the  lowest. 

Work  was  poshed  on  these  levee  repairs,  and  the  following  work  was  completed 
Md  paid  for : 


Locality  of  levee. 


faker's  enlargement 

Like  Chsries  break 

Bhad't  Bayon  to  Garland . . . 
Ottth't  break  to  Jefferson's . 


Total 


Amount  of  work  done. 


Embank- 
ment. 


(MM  yntds. 
89,322 
88,868 
44,8410 
80,552 


Excavation.   Clearing. 


OuJbit  yards, 
i,061 


250,542 


1,001 


Acres. 


14.80 
22  83 
45.23 


Cort. 


$28,583  04 
11. 170  80 
12,8U0  25 
22, 554  11 


82.86 


75, 116  l6 


All  the  contractors  completed  their  work  before  hieh  water,  and  final  payments 
were  made.  Since  the  completion  of  the  work  the  levee  has  broken  again  at  the 
McClond  break,  and  should  be  repaired. 
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8URVETS. 

A  survey  of  tUe  Memphis  Reach  was  completed  Febrnary21,  1883,  by  Assistant 
Engineer  F.  S.  Burrowes,  whose  report  (Appendix  K  3)  is  herewith  submitted. 

A  survey  of  the  Helena  Reach  from  Commerce  dat-off  to  Friar's  Point  was  com  - 
pleted  January  27,  1883,  by  A^istant  Engineer  F.  A.  Fisher,  whose  report  is  herewith 
submitted  (Appendix  B  4). 

A  survey,  reconnaissance,  and  estimate  for  repairs  of  levees  in  the  second  district 
was  completed  by  Assistant  Engineer  Richard  Klemm,  whose  report  is  sabmitted 
(Appendix  K  5).     * 

A  low-water  survey  of  the  Memphis  Reach  was  made  in  September,  1883,  by  Mr.  H. 
S.  Jacob^,  draughtsman,  on  which  sheet  is  platted  the  shore  lines  and  present  con- 
dition of  the  work,  and  which  is  submitted  with  this  report. 

Tables  showing  detailed  statements  of  expenditure  under  each  allotment  from  appro- 
priation for  Mississippi  River  in  this  district,  also  table  showing  amount  of  plant 
purchased  for  the  Memphis  Reach,  with  cost  of  same,  are  transmitted  herewith. 
Very  respectfully,  your  obedient  servant, 

A.  M  MILLER, 
Major,  Corp$  of  Engimeer$, 
Lieut.  Col.  O.  B.  Comstock, 

Corps  of  Engineers f  United  States  Army^ 

President  Mississippi  River  Commission, 

List  of  floating  property  bought  for  use  at  Memphis  Reach  and  Harbor ^  with  cost  of  same. 


Deaoriptioii. 


BarcM... 


Total 


ICattnss-bosta. 
Screen-boats... 


Total 


Qoarter-boata. 

Do 

Do 

Do 


Total 


Pile-drlrers  ■ 

ICachine-ahop  boat. 
Skiflb 


Total  oost. 


Ko. 


18 
3 


First  coat. 


$2,000  00 
1,M0  00 


21 


2 
4 


1 
1 
1 
1 


e,ooo  00 

1,500  00 


Total  cost 


Remarks. 


$36,000  00 
6,880  00 


41,880  00 


12,000  00 
0^000  00 


1,080  00 
1,840  00 
2,741  00 
2,876  00 


8 

1 

80 


4, 518  01 

8,501  25 

22  00 


18,000  00 


1,060  00 
1,840  00 
2,741  00 
2,376  00 


8,087  00 


36,144  08 

8,601  25 

660  00 


114,122  88 


13,380  paid  prior  to  December  1, 


KOTB.— X^oat  of  machine-shop  boat  inoladea  ootflt  of  tools. 


A.  M.  MILLER, 
Major,  Corps  of  Engineers 


DBT AILED  STATEMENT  OF  EXPENDITURES  FOR  MEMPHIS  REACH  AND  HARBOR. 

August      2,  1882.  Allotment |325.(XK^- 

November  1,  1883.  Amount  expended  for— 

Labor 60, 

Material 7,7i 

Supplies 2,4 

Repairs 1,36" 

Outfit 5.9^ 

Assistant  engineers 5,71 

Clerk 1,^^ 

Stationery 1< 
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November  1,  1883.  Amount  expended  for — 

Freight $168  86 

Traveling  expenses 222  83 

Office  rent 181  00 

Fuel 497  80 

Telegrams 1163 

Subsistence 16,181  93 

Hire  of  plant 3,198  91 

Total 105,890  80 

A.  M.  MILLER, 
Major,  Corps  of  Engineers. 

DITAILKD     8TATBMKNT    OF     BXPBNDITURBS    FOR    C0X8TRUCT10X     AND     REPAIR     OF 

LBYEBS,   YAZOO  FRONT. 

Angii§t2, 1882.     Allotment $80,950  00 

Korember  1,  1883.    Amount  expended  for — 

Earthvrork 75,116  70 

Labor 1,499  33 

Material 138  00 

Supplies 3  30 

Outfit 8  75 

Assistant  engineers 1, 600  00 

Clerk 175  00 

Inspector 600  00 

Stationery 8  25 

Traveling  expenses 267  95 

Office  rent  and  quarters 108  50 

Telegrams 50  41 

Subsistence 36  00 

Advertising  and  printing 220  06 

Total 79,832  25 

.     A.  M.  MILLER, 
Major,  Corps  of  Engineers. 

OITAILBD  8TATBMBNT  OF   BXPBXDITURBS  FOR  8URVBY  OF  THE  HBLBNA  REACH. 

Aogiut 2, 1882.    Allotment $8,000  00 

November  1, 1883.    Amount  expended  for— 

Labor $3,636  66 

Material 41  08 

Supplies 58  66 

Repairs 6  00 

Outfit 607  65 

Assistant  engineer 1.205  00 

Clerk 175  00 

Draughtsman 750  00 

Stationery 18  85 

Freight 29  65 

Office  rent  and  quarters 193  00 

Subsistence 562  74 

Hire  of  plant 228  00 

Total 7,611  29 

A.  M.  MILLERy 
Mttfor,  Corps  of  Engineers. 
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^DETAILED  STATBMENl'  OF   EXPENDITURES   FOR  SUHVKY  OF   SAINT   FRANCIS  FRONT. 

Augu8t.2,  1882.     Allotment $4,000  00 

November  1,  1883.     Amonnt  expended  for — 

Labor $610  50 

Supplies 61  34 

Outfit.... 590  00 

Assistant  engineer 880  00 

Clerk 300  00 

Stationery 19  75 

Freight 93  17 

Traveling  expenses 106  50 

Office  rent 66  00 

Subsistence 305  67 

Hire  of  plant... ^ 120  00 

Total $3,212  93 

A.  M.  MILLER, 
Major,  Corps  of  Engineers. 


K  1. 


report  op  joseph  burney,  assistant  engineer,  on  operations  for  improvlng 

the  harbor  of  memphis. 

United  States  Engineer  Office, 

Memphis,  Tenn,,  June'SO,  1683. 

Major:  I  have  the  honor  to  submit  my  annual  report  of  operations  for  improving 
Memphis  River  Front,  for  the  year  ending  June  30,  1883.  I  was  instructed  by  you 
to  taKe  local  charge  of  the  work  in  October,  1882.  An  examination  of  the  mattress 
work  under  water  was  made  by  an  experienced  diver,  and  the  mattress  work  was 
found  in  a  fair  condition,  from  the  mouth  of  Wolf  River  to  the  foot  of  Jefferson 
Street,  with  the  exception  of  portions  of  the  front  near  the  cotton-shed,  Panola  oil 
mill,  and  Messrs.  Brown  &  Jones'  coal-yard.  Considerable  difficulty  had  been  fonnd 
with  this  portion  of  the  bank,  on  account  of  the  numerous  springs  and  public  and 
private  drains  keeping  the  bank  continually  wet  and  very  susceptible  to  wash  away 
by  the  steamboat  waves.  , 

In  submitting  a  project,  it  was  recommended  that  this  portion  of  the  bank  should 
be  repaired  by  mattress  work,  and  the  whole  of  the  upper  bank,  from  Wolf  River  to 
the  elevator,  be  graded  to  a  slope  of  3  to  1,  where  it  could  be  done  without  injury  to 
the  property  on  the  bank,  and  the  bank  thoroughly  drained,  the  drains  being  car- 
ried out  to  extreme  low  water.  It  wae*  estimated  that  this  work  would  cost  $25,000. 
October  18,  1882,  active  operations  commenced ;  the  tug  Tilda  was  chartered,  the 
quartt-r-boat  iitted  up,  and  a  working  party  sent  about  25  miles  up  the  river  to  obtain 
Cottonwood  poles  and  willow  bninh.  Mattress- ways  and  workmen's  quarters  were 
constructed  near  ihe  foot  of  Old  Hen  Island,  and  on  October  28  the  first  mattress  was 
sunk  in  front  of  the  lower  landing  of  the  cotton-shed.  Two  mats  were  sunk  at  this 
location  ;  three  in  front  of  the  Panola  nil  mills ;  thirteen  were  sunk  from  Brown  & 
Jones*  coal-yard  to  the  elevator,  and,  by  request  of  the  city  authorities,  two  were 
sunk  in  front  of  Court  street.     Each  of  the  mats  sunk  was  120  by  60  by  2  feet. 

Experience  in  the  work  shows  that  it  is  much  better  to  reduce  the  thickness  of 
mattress  and  greatly  iucrease  it  in  length  and  breadth;  but  on  this  portion  of  tho 
river  front  this  cannot  be  done,  for  it  requires  the  taking  possession  of  a  large  por- 
tion of  the  river  front  and  holding  it  for  some  time,  thus  preventing  the  st«amboat« 
from  using  the  bank  for  a  landing.  We  arc  generally  at  work  during  the  busy  season, 
and  steamboat-owners  will  not  permit  us  to  keep  them  from  the  bank,  nor  will  the 
city  authorities  give  us  possession  of  it.  We  are  compelled  to  construct  our  mats  some 
distance  up  the  river,  tloat  them  down  to  thoir  position,  and  sink  them.  This  does 
not  interfere  much  with  the  steamboats,  but  it  is  a  very  great  inconvenience  aud 
expense  to  the  work,  aud  the  bank  protected  is  not  doue  in  such  a  substantial  man- 
ner as  if  the  matresses  were  constructed  in  long  lengths  in  the  location  where  they 
are  to  be  sunk. 

After  the  mattresses  were  all  sunk,  work  was  commenced  grading  the  bank ;  this 
work  was  intended  to  be  done  with  the  steam  hydraulic  grader;  but,  in  consequence 
of  the  number  of  8tcamboat>s  and  other  floating  property  using  the  bank  and  the 
numbor  of  biiiMiiigs  up<»n   it,  it  would  h;ive   been    vtTv  iiuronvciiient  antl  att-oiided 
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with  difficulty;  so  yon  directed  the  work  should  he  done  by  laborers  with  pick  and 
•hovel.  This  is  very  expensive,  as  the  earth  lias  to  be  handled  so  often  to  get  it  into 
the  river.  Fortunately,  the  river  coiuinencod  risinjx  and  we  just  kept  our  work  above 
It,  which  did  not  require  so  much  labor  as  if  the  water  had  been  at  a  low  stage. 

After  grading  the  bank  we  connected  all  the  public  and  private  drains  and  carried 
iheiD  out  to  low  water  by  means  of  wooden  culverts.  We  then  laid  wire  upon  the 
graded  l^nk,  6  feet  apart  along  the  river  bank,  and  6  feet  apart  up  the  bank;  upon 
this  wire  we  placed  willow  brush  6  inches  thick,  and  then,  on  top  of  brush,  we  placed 
wire  same  as  below,  and  secured  same  to  the  lower  line  of  wire  by  connecting  wires, 
through  the  brush,  so  that  along  the  upper  bank  it  formed  one  large  mattress. 

This  work  was  done  from  the  mouth  of  Wolf  River  to  the  elevator,  with  the  excep- 
tion of  a  portion  of  the  bank  in  navy-yard,  242  by  32  feet,  and  a  portion,  200  by  30 
feet,  in  front  of  Brown  &  Jones'  coal-yard.  After  the  willows  were  secured  to  the 
bank  they  were  well  ballasted  with  stone,  sand-bags  and  earthwork.  This  com- 
pleted the  work  in  a  Hubstantial  manner,  with  the  exception  of  the  work  noted  and 
within  the  amount  estimated. 

Operations  were  suspended  February,  1883,  and  the  plant  and  outfit  turned  over  to 
the  Hopefield  Bend  works. 

Dnriug  the  time  we  were  at  work  we  had  very  favorable  weather  and  the  river  was 
at  a  gooid  working  stage ;  but  we  had  considerable  trouble  to  contend  with,  for  want 
of  a  sufficient  number  of  flat-boats,  and  considerable  delay  was  experienced  for  want 
of  stone. 

Immediately  after  the  suspension  of  operations  the  river  rose  and  covered  the  whole 
of  the  work,  the  gauge  reading  34.75.  Snortly  afterwards  the  water  fell  to  18.20,  when 
an  examination  of  the  bank  was  made  and  the  work  was  all  found  to  be  in  good  condi- 
tion, not  the  slighest  sign  of  a  break  or  crack  in  the  bank  appearing. 

SUMMARY  OF  WORK  DONE  DURING  SEASON, 

20  mattresses  sunk,  120  by  60  by  2  feet. 
6,273  square  y£,rds  of  willow  brush  shore  protection.    . 
13,700  cubic  yards  of  excavation  on  bank. 

362  feet  of  wooden  culverts,  2  by  2  feet,  bnilt. 

AMOUNT  OF  MATERIAL  EXPENDED. 

2,886  cords  of  willow  brush. 
5,050  cords  of  cot  ton  wood  poles. 

700  oak  pins,  4  feet  long  by  1  inch  diamet-er. 
2,100  oak  pins,  1  foot  long  by  f  inch  diameter. 
2,750-^  inch  carriage  bolts. 
2,900  pounds  wire. 
850  pounds  rope. 
1,086  cubic  yards  stone. 
200  sand-bags. 

l^  cubic  yards  cypress  bark. 
3, 104  feet  of  cypress  lumber. 
72  feet  of  6-inch  stone  pipe. 

I  have  the  honor  to  remain,  very  respectfully, 

JOSEPH  BURNEY, 
Assistant  En^neer, 
Haj.  A.  M.  Miller, 

Corps  of  Engineers,  U.  S,  A. 

K2. 

report  of  w.  m.  rees,  assistant  engineer,  upon  improvement  of  mississippi 

river  at  hopefield  bend. 

United  States  Engineer  Office, 

Memphis f  Tenn,,  November  1,  1883. 

Major  :  In  accordance  with  your  verbal  instructions,  I  have  the  honor  to  submit  a 
report  of  operations  for  the  improvement  of  the  Mississippi  River  at  Hopefield  Bend, 
Memphis  Reach,  from  December  1,  1882,  to  October  31,  1883. 

The  object  of  this  work  is  to  prevent  the  caving  of  the  bank,  now  rapidly  taking 
place,  and  which  threatens  injury  to  the  harbor  of  Memphis. 

A  comparison  of  the  survey  of  September,  1883,  with  that  of  December,  1877,  shows 
that  the  bank  in  the  middle  of  the  bend  has  receded  1,500  feet.  From  August,  1882, 
to  Septeml>er,  188:^,  the  caving  was  300  feet  in  the  middle  of  the  bend,  and  near  the 
foot,  just  above  Hopefield,  it  was  450  feet.  The  distance  across  the  neck  of  land  to 
the  river  below  is  now  about  13,000  feet.  To  arrest  this  caving  the  project  is  to  revet 
the  bank  with  brush  mattreaae«,  these  m.ittrosws  to  covt'r  the  bank  from  the  foot  of 
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the  slope  to  or  near  the  top,  and  to  be  held  in  place  by  stone  evenly  distributed  over 
them. 

The  method  of  operations  comprised  three  parts : 

1st.  The  revetment  of  that  portion  of  the  bank  below  the  water  surface  called  deep- 
water  mattresses. 

2d.  The  revetment  of  the  bank  above  the  water  surface,  called  shore  protection. 

3d.  The  grading  of  the  bank  above  the  water  surface  to  a  suitable  slope  to  receive- 
the  shore  protection. 

Methods  of  Construction. 

dbep-watkr  mattresses. 

These  were  built  on  a  mattress  barge,  160  feet  long  bv  30  feet  wide,  upon  which 
were  placed  18  skids  or  runways,  8  feet  apart,  these  skids  having  an  inclination  of  3- 
inches  to  one  foot. 

The  mattresses  made,  were  the  ordinary  wattled  kind,  of  brush  and  poles,  similar  to 
those  used  at  the  works  below  Saint  Louis,  Mo.,  and  at  Plum  Point,  having  cotton- 
wood  or  willow  poles  26  to  28  feet  long,  of  diameters  not  less  than  3  inches  at  the 
smaller  end,  nor  more  than  6  inches  at  the  larger,  with  brush  not  loss  than  24  feetlong^ 
and  two  inches  in  diameter  at  the  butts. 

The  poles  were  well  spliced  together  with  spikes  and  wire,  one  pole  being  placed 
alongside  each  skid.  Around  these  poles,  or  weavers,  the  brush  was  woven  and  se- 
cured by  nails  and  wire.  As  these  mattresses  were  to  l>e  sunk  in  deep  water,  from  40 
to  70  feet  deep,  and  in  a  strong  current,  other  poles,  called  binders,  were  placed  over 
the  weaving  poles,  well  wired  to  them  and  spliced  together.  These  strengthened  the- 
mattress  longitudinally  and  prevented  the  stone  from  rolling  off  when  sunk. 

When  short  brush  was  used,  in  order  to  strengtheu  the  mattress  transversely,  pole» 
were  placed  in  the  direction  of  the  brush,  over  the  top  longitudinals,  and  wired  to  tnem,. 
and  the  weaving  poles  at  their  intersections.  They  were  spaced  from  8  to  40  feet 
apart  according  to  circumstances. 

The  up-river  end  of  the  mattress  was  held  to  a  mooring  barge  by  ten  1-inch  di- 
ameter ropes.  Two  ropes  1|  or  2  inches  in  diameter  wera  securely  fastened  to  the^ 
mattress  by  means  of  a  pin  and  shackle  and  led  to  'Wlead-men*'  or  trees  on  shore ; 
both  ropes  passed  under  the  mooring  barge,  which  was  also  secured  by  two  or  more 
large  lines  leading  to  the  shore. 

On  sinking,  a  barge  of  stone  was  placed  along  the  outer  edge  of  the  mattress,, 
mn-ways  of  plank  were  placed  from  this,  on  and  over  the  mattress,  and  the  stone- 
evenly  distributed  thereon.  About  half  of  the  stone  used  on  the  mattress  was  placed 
in  this  manner.  More  stone  from  the  mooring  barge  was  then  thrown  on  the  upper 
end;  when  a  considerable  strain  was  produced  on  the  small  lines  attached  to  the 
mooring  bar^e,  they  were  slaclted  aud  tne  mattress  allowed  slowly  to  sink;  this  was 
repeated  until  the  upper  end  reached  the  bottom,  then  a  rock  barge  was  swung  over 
the  mattress,  being  guided  by  lines  held  on  the  mooring  barge  and  on  the  shore,  and 
stone  thrown  on  until  it  sank,  care  being  taken  to  distribute  the  stone  evenly. 

The  organization  of  the  mattress  party  is  as  follows:  one  sub-overseer  in  charge, 
three  master-laborers  having  charge  of  the  three  divisions  of  work,  viz.,  at  each  end 
and  in  the  middle  of  the  mattress  barge.  Each  gang  consists  of  one  patcher,  one- 
mauler,  four  weavers,  five  platform  men,  and  three  brash  men;  fourteen  in  all. 

The  brush  men  stand  on  the  barge  of  brush  which  is  lashed  alongside  of  aud  below 
the  mattress  barge,  and  pass  the  brush  to  the  platform  men,  who  place  it  in  position 
on  top  of  the  ways,  then  the  weavers  posh  it  down  into  place,  where  it  is  firmly  driven 
by  the  mauler.  The  patcher  repairs  any  openings  left  in  the  mattress  aft-er  weaving. 
Five  wire  men  are  employed  on  the  mattress  to  put  on  binders  and  cioss  poles;  one^ 
water  carrier  is  employed.    The  total  force,  including  everybody,  being  52  men. 

UPPER  BANK  REVET&IENT. 

This  was  constructed  as  follows:  After  the  bank  was  graded  to  the  proiier  slope r 
strong  stakes  were  firmly  driven  in  the  ground,  about  8  feet  apart  longitudinally  and 
firom  4  to  8  feet  apart  transversely  to  the  bank.  A  No.  8  wire  was  then  placed  around 
the  stakes  longitudinally,  their  distance  apart  being  8  feet.  Around  this  wire,  at 
each  stake,  a  No.  12  wire  was  placed  and  twihted  around  the  stakes  so  that  the  enda 
could  be  had  after  brush  was  placed  in  position ;  this  was  to  be  used  to  tie  the  top- 
and  bottom  wires  together,  thus  holding  the  brush  in  place. 

A  layer  of  brush  was  now  placed  on  the  bank  transversely,  the  butts  up  the  bank 
and  the  tops  overlapping  the  **  deep- water  mattress.''  On  top  of  this  a  longitudinal 
layer  was  placed,  and  over  all  a  No.  8  wire  was  stretched  transversely,  at  every  S 
feet;  this  was  tied  to  the  '* deep-water  mattress''  aud  also  to  the  bottom  wire  at  each 
point  of  intersection.  The  whole  was  then  well  covered  with  stone.  Whenever  the 
''deep-water  mattress"  could  not  be  joined  to  the  upper  bank  revetment  a  foot-mat- 
tress was  built  to  cover  the  space ;  this  was  constructed  on  a  small  screen  barge,  and 
was  similar  to  the  large  mattress  already  described. 
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GRADING. 

Id  order  to  revet  the  baok  above  the  low-water  line  it  was  necessary  to  grade  it  t<^ 
a  snitable  slope  for  holding  the  brush  and  stone.  Daring  the  first  part  of  the  work,, 
from  December  21^  1882,  to  January  31,  1883, 1  used  for  this  purpose  hydraulic  grader 
No.  2  of  the  Mississippi  River  CommisRion.  This  was  loaned  us  by  Capt.  J.  G.  D. 
Knight,  of  Plum  Point,  and  was  returned  to  him  shortly  after  the  high  water  closed 
our  work.  Before  again  resuming  work,  August  6,  1868,  we  obtained  a  small  pump- 
boat  from  Capt.  W.  L.  Marshall,  of  Vicksburg,  Miss.,  and  with  the  latter,  work  ia 
now  being  done.     Both  will  be  described. 

Hydraulic  grader  No.  2  consists  of  a  duplex  compound  condensing  plunger  pump 
built  by  the  Dean  Pump  Company  of  HolyoKC,  Mass.  The  dimensions  are  as  follows: 
Diameter  of  low-pressure  cylinder,  36  inches ;  of  hi^h-pressnre  cylinders,  18  inches ; 
diameter  of  plun^rem,  16  inches ;  length  of  stroke,  24  incnes.  The  stroke  is  a^jnstable^ 
and  in  our  practice  was  kept  at  about  23  inches.  The  piston  speed  averaged  61i  feet 
per  minute,  giving  a  theoretical  discharge  of  1,280  gallons  of  water  per  minute.  This- 
pump,  together  with  three  steel  boilers  of  40  horse-power  each,  was  placed  on  a  barge 
130  by  30  by  6  feet,  which  contains  sleeping  quarters  for  30  men.  Attached  to  the  de- 
livery pipes  of  the  pump  is  a  boom  65  feet  long,  made  of  lap-welded  wronght-iroD 
tribes,  joined  with  cast-iron  connections,  and  having  openings  at  various  poiut-s  to 
which  hoee  can  be  attached.  This  boom,  with  a  double  sta^e,  overhangs  one  end  of 
the  barge^  and  can  be  raised  or  lowered  by  a  hoisting  engine  on  deck.  When  in 
position  for  work  the  boat  was  held  nearly  at  right  angles  to  the  bank,  with  tho 
stage  resting  on  the  bank.  The  grader  had  not  been  run  before  we  received  it,  and^ 
like  most  new  machinery  of  large  size,  some  time  was  lost  in  limbering  it  up  so  as  to- 
work  smooth)}^.  Delay  was  also  caused  by  some  imperfections  in  the  machinery,  and 
its  erection,  resulting  in  the  breaking  of  a  guide-arm  to  slide-valve  rod,  the  piston 
lod,  and  afterwards  tappet  arm  of  condensing  pump ;  in  the  settling  of  the  fonnda> 
tions  of  large  pumps,  necessitating  the  building  under  them  of  two  additional  bulk- 
heads; and  in  the  small  drift  getting  under  the  pump  valves,  thus  destroying  the- 
Boction.  The  latter  was  the  principal  cause  of  lost  time,  but  the  trouble  was  finally 
remedied  by  placing  very  fine  screens  over  the  ends  of  suction  pipes. 

The  organization  of  the  party  for  this  grader  was  as  follows:  1  assistant  engineer 
in  charge,  2  steam  engineers,  2  firemen,  1  mreman,  3  nozzleiuen,  3  deck-hands,  1  cook,. 
1  cabin  bciy ;  fourteen  men  in  all. 

Owing  to  the  wet  and  dirty  work,  the  foreman  and  nozzlemen  were  provided  with 
waterproof  suits  complete,  including  caps,  boots,  and  gloves. 

The  nozzle  was  snpx>orted  upon  a  stand  consisting  of  a  piece  of  gas-pipe  firmly 
driven  into  the  ground,  and  well  braced.  To  it  was  attached  a  piece  of  round  iron^ 
about  one  foot  long,  which  passed  into  the  pipe.  This  formed  a  universal  swivel^ 
the  whole  arrangement  bein^  light  and  quickly  removable.  A  long  lever,  clamped 
to  the  nozzle,  rendered  its  direction  easy,  so  that  a  large  stream  was  manipulated 
with  about  the  same  facility  as  a  small  one. 

In  working,  the  nozzle  was  held  as  near  to  the  bank  &s  practicable,  and  the  streamr 
directed  against  it  at  angles  varying  from  45^  to  nearly  9(P.  The  top  part  of  tho 
bank  was  cut  first,  so  as  to  allow  the  water  to  always  flow  along  the  face  of  the  cut. 
After  a  short  experience  the  nozzlemen  had  no  trouble  in  holding  the  face.  The 
material  of  the  bank  was  hard  blue  clay  and  buckshot,  intersi>er8ed  with  layers  of 
softer  material  and  sand,  causing  the  banks  to  cave  in  steps. 

Three  sizes  of  nozzles  2,  If,  ana  li  inch  diameters  were  used,  and  two  sizes  of  hoee^ 
Tiz,  4  and  2^  inches  diameters. 

After  re[>eated  trials  it  was  found  to  be  best  practice,  in  the  hard  material  worked,. 
to  use  large  nozzles,  large  hose,  and  but  one  stream.  The  water  pressure  at  pump 
was  held  at  from  135  to  140  pounds  per  inch.  I  think  better  results  could  be  obtained 
by  osing  still  larger  nozzles,  as  2^  to  2^  inches  diameter.  Experience  in  softer  ma- 
terials and  sand  snows  best  results  fh)m  smaller  nozzles  and  two  streams. 

The  grader  now  nsed  consists  of  a  Dayton  cam  piston  pump  of  the  following  di- 
mensions : 

Inobea. 

Diameter  of  steam  cylinder 16^ 

Diameter  of  water  cylinder 9 

Length  of  stroke 18 

Supplied  by  a  boiler  of  dimensions  as  follows :  20  feet  long,  42  inches  diameter  of 
shell,  having  two  14  iuch  flues.  The  whole  is  mounted  on  a  barge  100  by  16  by  3^ 
feet.  The  suction  pipe  is  6  inches  in  diameter,  and  the  discharge  is  through  fVom  106 
to  l.'iO  feet  of  3-inch  six-ply  test  hoee,  with  nozzle  of  1^  to  If  inch  diameters,  the- 
Urger  nozzle  giving  at  dat<e  the  best  results.  The  theoretical  discharge  is  at  dato 
396  gallons  per  minute,  the  speed  being  80  single  strokes. 

The  party  operating  this  grader  is  as  follows :  One  steam  engineer,  one  foreman,  od» 
fireman,  three  nozzlemen,  and  one  deck-hand ;  seven  in  all. 
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During  the  month  of  September,  1883, 1  was  obliged  to  keep  water  pressure  down 
on  account  of  the  inferior  quality  of  the  hose;  since  then,  with  new  6-ply  test  hose,  I 
have  had  on  the  pump  a  pressure  of  240  pounds  to  the  inch. 

With  grader  No.  2  the  slope  cut  was  3  to  1  from  the  water  edge  to  the  top  of  the 
bank.  As  the  working  capacity  of  the  small  grader  was  so  much  less,  I  have  been 
obliged  to  grade  to  a  greater  slope,  viz,  2  to  I  and  2^  to  1,  being  governed  by  natnre 
of  material,  quantity  to  be  removed,  &c.,  and  also  to  leave  a  vertical  face,  varying 
with  the  material,  of  from  6  to  12  feet.  Under  the  head  of  '*work  done"  will  be 
found  tables  of  results  obtained  with  both  graders. 

WORK  DONE  TO  NOVEMBER   1,  1888. 

Preparations  for  commencing  the  work  were  made  on  December  6, 1882,  by  erecting 
quarters  for  the  accommodation  of  100  laborers,  upon  the  bank  near  the  upper  end  of 
tne  work,  and  by  employing  a  small  force  to  clear  the  bank  of  timber  and  brush. 
The  entire  length  of  the  bend,  a  distance  of  over  two  miles,  was  cleared  to  an  average 
width  of  75  feet.  Many  large  trees  had  fallen  over  the  bank  into  the  water,  thus 
forming  obstructions  to  the  placing  of  mattresses.  Your  attention  being  called  to 
this,  you  obtained  the  United  States  snag-boat  H.  G.  Wright  to  remove  them. 
Between  December  7  and  14,  1882,  she  cleared  about  ^  mile  of  the  bend. 

On  December  8,  the  steamer  Emma  Etheridge  delivered  the  following  plant: 
Hydraulic  grader  No.  2,  two  mattress  boats,  one  machine-shop  boat,  one  screen-boat, 
and  one  barge  of  coal. 

Preparatious  were  at  once  made  to  start  the  grading,  which  was  begun  on  Decem- 
ber 21,  at  which  date,  the  quarters  being  finished,  I  commenced  subsisting  the  men. 
Owing  to  the  non-arrival  of  barges  and  quarter-boats  for  the  brush  party,  the  work 
of  building  mattresses  was  not  begun  nutil  January  16, 18H3,  at  which  date  Assistant 
Engineer  Joseph  Burnoy,  who  had  charge  of  the  work  of  protecting  Memphis  Har- 
bor, commenced  supplying  me  with  brush.  I  obtained  poles  from  bank  clearing, 
4tnd  others  by  sending  a  party  several  miles  up  the  river,  they  returning  to  the  works 
at  night. 

5*rora  December  29,  1882,  to  January  15,  1883,  the  United  States  snag-boat  Jno.  R. 
Meigs  was  employed  to  tow  willows,  &c.,  to  the  works.  At  the  latter  date  the  char- 
tered tow-boat  H.  M.  Graham  arriveid  and  took  the  place  of  the  Meigs. 

MATTRESS  CONSTRUCTION. 

The  construction  of  *' deep-water  mattress"  was  begun  at  Mound  City  ferry-boat 
landing  on  January  16,  1883,  and  continued  until  February  10;  during  which  time 
1,127  lineal  feet  of  mattress,  140  feet  wide,  was  constructed  and  sunk;  194  by  25  feet 
of  foot-mattress  and  194  by  16  feet  of  shore-protection  were  also  completed. 

The  mattresses  sunk  were  fonr  in  number  and  from  256  to  298  feet  long;  it  being 
considered  advisable  to  make  short  mattresses,  on  account  of  the  rapidly-rising  wat^r 
and  the  great  amount  of  drift  running,  much  of  which  lodged  against  the  mooring 
barge  and  caused  a  very  heavy  strain  on  the  lines  attached  to  it  and  to  the  mattress. 
The  intention  was  to  lap  the  mattresses  by  about  15  feet;  but  when  sunk,  owing  to 
the  drift  pressure,  gaps  of  this  distance  were  found  in  two  places  instead  of  laps. 
There  was  used  in  the  construction  of  the  above  840.5  cords  of  brush,  105  cords  of 
poles,  2,534  pounds  of  wire,  80  pounds  of  rope,  1,950  pounds  of  wrought  spikes,  200 
pounds  nails,  585  cubic  yards  of  stone,  and  4,300  gunny-sacks.  The  latter  were  ase<l 
to  sink  mattress  No.  3,  which  was  298  by  140  feet  in  size;  each  sack  was  filled  with 
about  120  pounds  of  buckshot  clay,  the  total  weight  being  equivalent  to  the  weight 
of  214  cubic  yards  of  stone.  They  cost  when  filled  and  loaded  on  barges  about  9 
cents  each. 

The  depth  of  water  in  which  mattresses  were  sunk  was  from  40  to  70  feet. 

During  the  first  ten  days  in  February,  1883,  the  work  was  much  retarded  by  bad 
weather.  The  water  having  risen  from  7.50  feet  on  the  Memphis  gauge  on  January 
16,  to  23.30  feet  on  February  10,  work  was  suspended  on  the  latter  date,  the  wateV 
being  then  on  a  level  with  the  bank  upon  which  quarters  were  located,  and  necessi- 
tating their  removal. 

The  grading  of  the  bank  was  begun  December  21, 1882,  and  continued  until  January 
31, 1883,  when  work  was  suspended  on  account  of  high  water.  During  this  time  there 
was  graded  1,793  linear  feet  of  bank  ;  42,ti87  cubic  yards  of  earth  removed,  at  a  cost 
of  94  cent«  per  linear  foot,  or  4.03  cents  per  cubic  yard.  Table  I,  annexed  to  this 
report,  will  show  in  detail  the  work  done. 

On  February  28,  the  tow-boat  H.  M.  Graham  was  taken  to  Cairo. 

From  February  10  to  August  6,  1883.  no  construction  work  was  done,  the  water 
being  too  high.  During  this  time  a  small  force  of  mechanics  were  employed  in  get- 
ting nnrges,  quarter-boats,  &c.,  in  readiness  for  this  season's  work. 

On  JuFv  15,  I  received  your  verbal  orders  to  prepare  to  resume  work.  The  tow- 
ibbat  Graham  arrived  on  the  17th  and  was  put  in  commission  on  the  20th. 

A  quarter-boat  for  bniHli   p:irty  wa^  :\t   rmct*   fitt«*'l  uf»  and  tnnnMl  nvcr  t'»  .Joseph 
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Bnniey,  L'liiteil  States  Assistant  EDgiiieer.  This  party  began  work  July  26,  on  Dean's 
Ulaiwl,  about  !^  miles  above.  I  received  from  them  the  tirst  barge  of  brush  on  Aufi^- 
U8t  2,  and  be^au  the  construetiou  of  mattresses  on  August  6.  After  constructing  493 
linear  feet  of  mattress  I  deemed  it  expedient  to  sink  it,  as  considerable  drift  had  ac- 
cnmulated  alnive  the  mooring  barge,  and  much  of  it  was  getting  nnder  the  mattress. 
Subsecjuently  lengths  of  mattresses  were  increased  to  900  and  1,000  feet.  No  trouble 
being  met  in  sinking  mattresses  of  this  length,  it  was  decided  (September  ii9)  to  cou- 
striict  continuous  mattresses.  The  mattress  now  being  built  is  2,150  long,  1,580  feet 
of  which  has  been  sank.  No  trouble  whatever  has  been  met  in  sinking  part  of  the 
mattress  and  keeping  part  adoat,  nor  do  1  apprehend  any  except  from  drift,  in  which 
C48e  mattresses  will  nave  to  be  broken  off  and  sunk  when  the  drift  causes  excessive 
strain. 

One  willow  party  being  insnfficient  to  supply  us,  quarters  for  70  men  were  erected 
on  a  barge,  and  a  second  party  sent  out  on  September  17.  The  water  being  too  low 
for  the  tow-boat,  both  parties  were  withdrawn  from  Old  River,  west  of  Centennial 
Island,  on  September  24,  and  placed  in  the  main  inver,  where  brush  was  scarce,  and 
at  a  great  distance  from  the  river. 

By  October  15  the  river  rose  sufliciently  to  permit  entrance  to  Old  River,  and  both 
brush  parties  were  moved  there. 

Being  short  of  brush,  1  organized  a  third  party,  and  placed  them  on  ''Old  Hen 
Island,"  just  opposite  the  work.  They  are  supplying  at  date  60  cords  per  day,  our 
total  requironients  being  about  200  cords  per  day. 

Owing  to  short  supply  of  brush,  no  shore  work  was  done  until  October  2,  although 
a  considerable  portion  of  the  bank  had  been  staked  out  and  wired  ready  to  have  tne 
brush  placed  in  position. 

On  Angiist  17  the  snag-boat  John  R.  Meigs  began  work  in  clearing  the  bend  of 
snags.  She  finished  on  October  11,  having  removed  five  hundred  and  forty-one 
snags  and  ten  rack  heaps.     Two  men  were  lost  by  falling  overboard. 

On  September  24  a  small  flat,  loaded  with  600  bushels  of  coal,  was  struck  by  a  large 
drift  log  and  sunk. 

The  following  tables  will  show  you  the  work  done  in  detail: 

Tablr  No.  1— hydraulic  GRADER  No.  2. 
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Tabli  No.  2.— DAYTON  CAM  PUMP. 
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R^SUM^  OF  GRADER  WORK. 

Linear  feet  of  bank  gra<led 7,673 

Cubic  yards  of  earth  removed 67,242 

€o«t  per  linear  fimt $0,334 

CW  |HM  riiUic  NJir.l 0.0:^8 
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Mattress  work  done  is  as  follows : 

Mattress  No.  1» sunk  January  23,  18d3 298'xl40' 

MattressNo.2,8unk  January  27,  188:J 27r>'xl40' 

Mattress  No.  3, sunk  Febmary  3,  1883 29e'xl40' 

Mattress  No.  4, souk  February  10,  1863 256'Xl40' 

1127' X 140' 

Mattress  No.5,8nnk  August  11,  1863 493'xl40' 

Mattress  No.  6,  sunk  August  23,  1883 850'Xl40' 

Mattress  No. 7, sunk  September  4,  1883 952'xl40' 

Mattress  No.  8, sunk  September  15,  1883 925^x140' 

Mattress  No.  9, sunk  September  28,  1883 10:i2'Xl40' 

Mattress  No.  10,  sunk  October  23, 1883 1580'xl40' 

Mattress  No.  10,  afloat 570'xl40' 

6402'X140' 

Total  amount  of  deep  mattress  made 7529^x140' 

Total  amount  of  deep  mattress  sunk e959'xt40' 

In  addition  to  this  there  was  made  and  sunk  a  mattress  100  by  300  feet  to  cover  a 
cave  in  bank  between  mattresses  Nos.  3  and  4,  due  to  their  not  lapping. 

At  date  (November  1)  6,700  linear  feet  of  bank  is  covered  by  ''deep-water  mat- 
tresses/'and  4,100  linear  feet  by  ''upper-bank  protection.''  Tlie  total  revetment  is 
120,918  square  yards. 

In  prei>aring  for  work,  the  following  (mostly  heavy)  timber,  was  cleared  from  the 

bank: 

Acreflw 

From  December,  188i,  to  Februarv,  1883 16 

From  August,  1883,  to  November  1, 1883 9 

Total  clearing 25 

Table  showing  inalerial  used  in  oonstructian. 
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I  have  on  hand  the  following  plant,  viz : 

One  quarter  boat,  130  by  25  feet,  capacity  180  men. 

One  quarter-boat,  100  by  20  feet  (double-decked),  capacity  120  men. 

One  quarter-boat,  90  by  20  feet,  capacity  60  men. 

One  quarter-boat,  82  by  18  feet,  capacity  80  men. 

One  quarter- boat,  80  by  18  feet,  capacity  24  men. 

One  quarter-boat,  60  by  16  feet,  capacity  30  men. 

Five  small  flats  used  in  construction. 

Four  screen -barges,  100  by  25  feet. 

Two  mattress-ways,  160  by  30  feet. 

One  hydraulic  grader-boat,  100  by  16  feet. 

One  machine  shop,  130  by  24  feet. 

One  decked  barge,  130  by  24  feet. 

Twenty-three  decked  barges,  100  by  25  feet. 

One  decked  barge,  100  by  18  feet. 

Thirty-nine  skiff's. 

Very  respectfully,  your  obedient  servant, 

W.  M.  R££8. 
United  States  Assistant  Engineer, 
M^j.  A.  M.  MiLLBR, 

Carps  of  Engineers,  U,  8,  A, 
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report  of  p.  8.  burb0wk8)  assistant  bnoineer,  upon  a  survey  of  the  missis- 
sippi river  in  the  vicinity  of  memphis. 

United  States  Engineer  Office, 

Memphis,  Tenn,,  March  12,  1883. 

Captain  :  I  have  the  honor  to  sobmit  the  following  report  apon  the  survey  of  the 
Mimiasippi  River,  in  the  vicinity  of  Memphis,  made  under  your  instructions  during 
the  past  year. 

The  survey  was  begun  May  5,  1882,  under  the  direction  of  your  predecessor,  Mig. 
W.  H.  H.  Benyaurd,  Corps  of  Engineers,  United  States  Army,  and  at  that  time  was 
intended  to  include  only  that  portion  of  the  river  from  Mound  City  Landing  to  the 
hnd  of  President's  Island,  a  distance  of  7  miles.  Ten  days  after  field  work  was  dis- 
cootinned,  for  the  time  being,  on  account  of  high  water^  and,  owing  to  the  long  oon- 
tiniutnce  of  the  same,  was  not  recommenced  until  by  your  orders,  ou  Aujg^ust  1.  The 
work  on  this  portion  was  then  pushed  slowly  forward ;  the  party  consisting  of  myself 
snd  three  men  only,  as  on  account  of  a  lack  of  funds  available  at  that  time  economy 
wae  necessary. 

In  the  latter  part  of  August,  as  you  were  informed  that  an  allotment  had  been  made 
for  the  completion  of  the  survey,  the  party  was  incraased  by  the  addition  of  a  transit- 
msQ  and  several  skiffmen,  and  the  work  further  facilitate  by  the  use  of  the  steam- 
laonch  Daphne. 

Aboat  the  time  of  the  completion  of  the  survey,  as  originally  projected,  I  received 
your  orders  to  continue  it  up  the  river  to  the  foot  of  Island  No.  40,  an  additional  dis- 
tance of  7^  miles,  and  soon  afterwards  received  your  further  instructions  to  extend  it 
down  the  river  to  Scanlan's  Landing,  a  distance  of  l^  miles,  making  a  total  length  of 
•nrvey  along  the  main  channel  of  30  miles,  and  reaching  from  the  foot  of  Island  ao.  40, 
Hi  miles  above  the  foot  of  Jefierson  street,  Memphis,  to  Scanlan's  Landing,  18^  miles 
below  the  same  point.  This  constitutes  the  survey  as  finally  completed,  and  I  will 
therefore  consider  it  as  a  whole. 

As  there  had  been  a  very  complete  survey  of  almost  the  entire  portion  of  this  reach 
of  river  made  in  lti77-'78y  under  the  direction  of  Lieut.  Col.  C.  B.  Comstock,  Corps  of 
Kn^eers,  United  States  Army,  the  primary  object  of  the  present  resurvey  was  to 
aaoertain  the  changes  in  the  bed  and  banks  since  that  time;  that  is,  the  location  and 
Mnoant  of  the  erosion  of  the  banks,  the  accretion  or  formation  of  bars,  and  the  scour 
or  fill  of  the  bed  of  the  stream. 

METHOD  OF  MAKING  SURVEY. 

A  complete  triangulation  of  the  reach  having  been  made,  both  under  the  direction 
of  Oeneral  Comstock  and  by  the  Coast  and  Geodetic  Survey  (the  notes  of  which  were 
famished  this  office),  and  as  most  of  their  points  were  still  intact  it  was  not  deemed 
necessary  to  make  an  entirely  new  trigonometrical  survey.  Both  for  economy  of  time 
sod  in  order  to  make  a  more  exact  comparison  with  the  previous  survey,  those  old 
points  which  were  found  to  be  in  good  order  were  used  in  the  new  survey,  and  the 
ones  which  had  been  destroyed  and  were  necessary  to  insure  the  accuracy  of  the 
work  were  replaced. 

The  bank  and  bar  lines  between  the  trian^ulation  stations  were  determined  by 
stadia  measurements,  as  were  also  the  sounding  stations.  Soundings  were  located 
by  intersections  from  two  transits  on  shore,  usually  placed  on  the  bar  or  convex  side 
of  the  river,  so  aa  to  give  the  best  angles  of  intersection. 

Several  methods  of  making  soundings  were  tried  and  the  one  most  ^norally  used  was 
adopted  as  giving  the  greatest  number  in  a  ja^iven  time.  A  skiff,  with  three  oarsmen, 
a  leadsman,  and  a  recorder,  was  rowed  rapidly  back  and  forward  across  the  stream 
and  the  lead  cast  every  half-minute.  Every  second  sounding  being  located  by  the 
transitmen  sighting  on  a  flag  raised  and  quickly  lowered  by  the  recorder  at  the  in- 
stant of  sounding.  In  order  to  keep  a  check  on  the  numbers  the  flag  was  quickly 
raised  and  lowered  twice  at  every  fifth  sounding,  and  such  double  flag  uoted  by  both 
transitmen  and  recorder.  On  account  of  its  too  great  draught  the  steam-launch  was 
found  to  be  of  very  little  utility  in  the  actual  taking  of  soundings  at  a  low  stage  of 
water.  It  was,  however,  used  to  a  considerable  extent  in  the  immediate  vicinity  of 
Memphis,  the  soundings  over  this  portion  being  taken  in  longitudinal  lines.  The  lead 
was  oast  but  once  for  each  line  and  the  launch  and  lead-line  kept  drifting  together. 
Soundings  were  taken  every  fifteen  seconds  and  every  fourth  sounding  located.  This 
method,  without  doubt,  gives  the  most  accurate  results,  but  was  abandoned  on  ac- 
count of  the  great  length  of  time  consumed. 
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THK  CHARTS. 

Tbe  map  of  the  river  submitted  herewith  consists  of  fonr  charts,  made  to  a  scale  of 
1 :  10,000,  numUered  from  one  to  four,  l»eginning  at  the  foot  of  Island  No.  40.  As  pTob> 
ably  the  best  method  of  describing  the  reach  surveyed,  I  will  take  up  the  charts  in 
onmerical  order,  and  consider  them  separate] y. 

Chart  No.  1  extends  from  the  foot  of  Island  No.  40  to  Mound  City  Landing,  a  distance 
along  the  channel  line  of  7^  miles.  Of  this  portion  of  the  river,  only  that  part  had 
been  previously  plotted  by  the  "  Comstock  survey"  between  the  head  of  Old  Hen 
Island  and  Mound  City  Landing.  Heavy  caving  is  shown  to  have  taken  place  on  the 
head  of  Old  Hen  Island,  and  the  bar  below  has  kept  moving  down  the  river,  following 
the  rapid  caving  in  of  Hopefield  Bend.  Above  Mound  City  Lauding,  the  caving  on  the 
right  bank  since  the  **Com8tock  survey"  is  inconsiderable.  Above  the  head  of  Old 
Hen  Island,  tbe  previous  survey  was  made  under  the  direction  of  the  Mississippi 
River  Commission,  in  1879-'d0.  As  their  maps,  plotted  to  a  large  scale,  have  not 
been  furnished  this  office,  I  have  not  been  able  to  place  their  shore-lines  on  the  new 
maps.  Throughout  the  reach  of  river  on  this  chart,  the  width  between  bank  lines  is 
excessive,  varving  from  3,000  to  6,000  feet;  but,  at  the  stage  to  which  the  chart  is 
plotted,  the  widths  of  the  water-way  are  as  follows:  3,000  feet  at  foot  of  Island  Forty, 
thence  coutracting  to  2,000  feet  in  next  three  miles,  and  again  widening  to  5,000  feet 
at  head  of  Old  Hen  Island. 

The  soundings  and  shore-lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reaiUng  of  11.4  feet  on  the  Memphis  gauge. 

Chart  No.  2  extemls  from  Mouud  City  Landing  to  the  head  of  President's  Island, 
a  dihtaiiee  along  the  channel  line  of  7  miles,  and  includes  the  river -front  and  harbor 
of  Memphis. 

The  most  noticeable  change  shown  to  have  taken  place  on  this  portion  of  the  river 
is  the  heavy  caving  above  Hopefield,  extending  from  Mouud  City  Landing  to  Ho|ie- 
field,  and  amounting  to  a  maximum  cutting  of  1.200  feet,  in  the  middle  of  the  bend, 
since  the  survey  of  1H77-78.  Rapid  caving  is  also  taking  place  on  the  left  bank  above 
Wolf  River.  This  caving,  by  comparison  of  more  recent  surveys,  seems  to  be  increas- 
ing in  rapidity.  Gradual  caving  is  also  shown  to  have  taken  place  on  the  river-front 
of  Memphis,  above  Jefferson  street.  This  portion  of  the  front  has  been  partially  re- 
vetted during  the  past  four  or  tive  years,  and  the  caving  thereby  stopped,  or  at  least 
checked,  as  considerable  caving  of  the  top  bank  has  taken  place  during  the  past  year, 
-which,  although  not  showing  largely  on  this  map,  is  of  considerable  importance  on 
account  of  the  A'alue  of  the  propei't>  affected. 

The  water-way  in  front  of  Memphis  and  in  a  part  of  Hopefield  Bend  is  contracted 
to  a  width  of  only  1,600  or  1,800  feet,  at  the  stage  of  water  to  which  the  chart  is  plot- 
ted. This  chart  also  shows  the  sweep  of  the  bend  opposite  Memphis  and  the  course 
of  Four-mile  Bavou,  extending  almost  across  it.  The  shortest  distance  through  this 
bend  is  13,600  feet.  . 

The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  oi  11.4  feet  on  the  Memphis  gauge. 

Chart  No.  3  includes  the  whole  of  President's  Island,  and  shows  the  main  channel 
and  chute  on  either  siite  of  it.  The  nearly  equal  division  of  the  low-water  discharge 
of  the  river  at  the  bead  of  the  island  has  apparently  been  the  cause  of  shoaliug 
and  contracting  the  low-water  chaunel  of  the  main  river  along  its  north  and  west 
Bides. 

Between  the  mouth  of  Four-mile  Bayou  and  Lake's  Landing,  the  width  of  the 
water-wa3',  at  the  sta^e  to  which  the  chart  is  plotted,  is  only  1,300  feet.  Below 
Lake's  Landing  it  widens  out,  but  becomes  shoal,  and  by  tlie  formation  of  a 
middle  bar,  one  mile  above  Rowley's  Landing,  the  actual  available  channel  is  con- 
tracted to  600  feet,  and  maintains  this  width  for  2,000  feet.  Tbe  clear  high-water 
-width  of  tbe  main  river  averages  from  4,000  feet  to  5,000  feet,  exclusive  of  the  chute 
between  President's  and  Vice-Presideut'n  Islands. 

The  )>rincipal  caving  sbowu  to  have  tnken  place  in  this  portion  of  the  main  river 
extends  from  the  head  of  the  Apperson  plantation  to  Jouen's  Lauding,  where  there  has 
been  au  average  cutting  of  from  400  feet  to  500  feet,  for  a  distance  of  10,000  feet. 
Caving  has  also  taken  place  immediately  above  Lake's  Landing,  averaging  200  feet 
in  width  by  one-half  mile  in  length,  and  from  the  month  of  Four-mile  Bayou,  up- 
stream, there  has  been  au  average  caving  of  150  feet  for  a  distance  of  a  mile. 

The  chute  to  the  east  and  south  of  President's  Island  has  a  very  uniform  width 
between  bunk  lines,  varying  only  from  2,000  to  2,200  feet.  At  low  stages  its  width 
in  the  bend  is  contrar>ted  by  a  bar  to  1,200  feet,  and  a  middle  bar,  or  reef,  also 
obstructs  'he  upper  eud  of  the  chute,  for  a  distance  of  about  a  mile.  From  the  lack 
of  necessary  tools  and  appliances  for  making  the  examination  I  was  not  able  to 
judge  of  the  nature  of  the  muterial  of  which  this  reef  is  composed  ;  but  the  bottom 
of  tlie  whole  upper  portion  of  the  chute,  as  indicated  merely  by  the  feel  and  effect 
upon  the  sounding-lead,  seems  to  be  of  a  hard,  gravelly  nature.     From  the  foot  of 
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the  blaff,  at  the  bead  of  the  cbate,  a  reef  of  feirnginoas  saud-rock  jats  into  the  stream^ 
showing  at  a  stage  about  10  feet  above  low  water;  and  this  midcile  bar  may  possibly 
be  of  the  same  iiatnre.  In  this  connection,  from  the  report  of  Assistant  Engineer 
£.  H.  Wilson  to  the  secretary  of  the  Mississippi  River  Commission  (June,  1881),  I  find 
the  following  information  concerning  the  nature,  depth,  and  probable  location  of 
this  rock.  At  boring  No.  1,  located  at  the  foot  of  the  blutf,  about  three-fourths  of  a 
mile  below  the  head  of  the  chute,  ferruginous  sandstone  stopped  further  progress  at  a 
depth  of  107.4  feet  below  the  top  of  the  bluff,  which,  according  to  his  diagram, 
would  be  about  on  a  level  with  the  low  water  of  1672. 

In  describing  this  boring  Mr.  Wilson  says :  '*  The  sand  rock  which  stopped  the  pro- 
gress of  the  boring,  it  seems,  is  here  of  unusual  exteut,  appearing  above  the  water  at 
low  stages  of  the  river  some  distance  from  the  bank,  which,  washing  away  the  over- 
lyiog  material,  has  been  unable  to  remove  the  rock.  *  *  *  It  seems  possible  that 
the  submerged  bar  which  extends  from  this  point  to  the  head  of  President's  Island^ 
may  be  an  extension  of  this  sandstone  layer.'' 

With  the  exception  of  the  middle  bar  referred  to,  I  did  not  find  any  shoal  of  a  pos- 
sible rocky  formation  in  the  stream,  which  would  appear  above  the  water  at  its  lowest 
stage.  At  two  points  in  the  chute,  where  some  disturbing  elements  on  the  bottom 
(claimed  bv  some  to  be  rock  reefs)  have  caused  large  boils  on  the  surface,  there  was 
foand  not  less  than  19  feet  of  water  at  the  stage  80unded^-6.5  feet  on  the  Memphia 
gaoge. 

The  supposition  as  to  the  rocky  nature  of  the  middle  bar  may,  very  likely,  be  cor- 
rect; but  a  thorough  examination  is  necessary,  in  order  to  establish  it  as  something 
more  than  a  mere  hypothesis.  t 

The  distance  through  the  chute  is  H  miles  shorter  than  by  way  of  the  main  river 
allow  stages  of  water;  the  length  of  the  main  channel  being  7f  miles,  and  by  way 
of  the  chute,  6^  miles. 

The  principal  caving  shown  to  have  taken  place  in  the  chute  is  at  the  head  of  Presi- 
dent's island,  where  there  has  been  an  average  cutting  of  from  200  feet  to  500  feet  for 
a  distance  of  a  mile;  and  also  on  the  foot  ot  the  island  averaging  300  feet  in  width 
by  one-half  mile  in  length.  Slighter  caving,  varying  from  50  feet  to  100  feet  in  width 
by  two  miles  in  length,  has  also  taken  place  on  the  Tennessee  shore  below  Nonconnah 
Creek. 

The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  6.5  feet  on  the  Memphis  gauge. 

Chart  No.  4  extends  from  the  foot  of  President's  Island  to  Scanlan's  Landing,  a  dis- 
tance along  the  channel  of  8  miles. 

The  width  of  the  river  between  banks  throughout  almost  the  whole  of  this  reach 
is  very  excessive,  being  from  5,000  to  6,000  feet. 

From  Reeves'  Landing  to  Harris'  Landing,  where  the  width  from  bank  to  bank  is 
6.00O  feet,  a  middle  bar  has  formed,  which,  at  low  water,  divides  the  river  into  two 
channels,  both  of  which  are  navigable  for  small  boats  of  light  draught,  the  one  on  the 
right,  however,  being  the  main  channel  and  the  only  one  through  which  large  boats 
can  pass  with  any  degree  of  safety. 

The  bars  at  Hampton  and  Scanlan's  Landing  have  been  found  to  be  greatly  in- 
creased in  size  and  are  gradually  moving  down  stream.  The  width  of  water-way  of 
the  main  channel,  as  contracted  by  the  bars  at  the  stage  of  water  at  which  the  survey 
and  map  were  made,  is  2,600  feet  at  Eusley's  plantation,  4,000  feet  at  Hampton  Land- 
ing, 1,700  feet  at  Reeves'  Landing,  keeping  about  this  width  to  H/irris'  Landing,  then 
widening  to  5,000  feet  on  the  crossing  below,  but  soon  contracting  again  to  2,500  feet 
and  keeping  about  this  width  to  near  Scanlan's  Landing. 

The  principal  caving  found  on  this  reach  is  at  the  following  points :  Between  Reeves' 
and  Harris:'  Landing  where,  for  a  distance  of  4,000  feet,  there  has  been  an  average  cnt- 
tmg  of  300  feet ;  below  Fleece's  plantation,  where  there  has  been  a  cutting  of  200  feet 
te&O  feet,  a  distance  of  3,600  feet;  and  on  the  head  of  the  old  Cow  Islands,  where 
the  caving  has  been  from  200  feet  to  600  feet  in  width,  by  a  mile  in  length. 

Slight  and  inconsiderable  caving  has  also  taken  place  on  the  lower  end  of  Ensley's 
plantation,  between  Horn  Lake  and  Collins'  Landings,  and  below  Scanlan's  Landing. 
The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  6.5  feet  on  the  Memphis  gauge. 

SLOPE  OP  THE  RIVER. 

While  the  party  was  at  Hampton  Lauding,  a  daily  gauge  record  was  kept  at  that 

CHDt,  the  zero  of  the  gauge  being  connected  with  that  at  Memphis,  by  means  of  the 
vels  of  the  ''Comstock"  survey.     In  the  following  table  are  given  the  daily  gauge 
readings  at  both  points  from  November  30  to  December  13,  the  zero  of  the  Hampton 

Oe  ueing  reduced  to  the  same  level  as  that  at  Memphis.    The  daily  differences  in 
and  slope  per  mile  are  also  given.    Takiujj^  from  this  table  0.5308  foot,  the  aver- 
age slope  per  mile,  and  multiplying  by  7f  miles  (the  distance  around  President's 
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Island  by  way  of  the  main  ohanool),  we  ^t  3.8483  feet  as  the  difference  in  level 
between  the  head  and  foot  of  the  island ;  and,  dividing  this  by  6^  miles,  the  distance 
throngh  the  chute,  gives  0.5920  feet  as  the  average  slope  per  mile  through  the  chute. 

Table  of  ilop€$. 


ChmfKe  leftdlngt. 

Dist. 
snoe. 

Difference 
in  level. 

Slcpe  per 
mile. 

Date. 

Ifemphia. 

HMnpton 
Laiuuiig. 

1882. 
iKoTomlMr  80 

6.85 

6.80 

&25 

&80 

6.80 

6.40 

&40 

6.45 

6.60 

6.80 

6.60 

6.50  ' 

&25 

&00 

Ft§t, 
—0.24 
-^24 
-«.26 
—0.81 
—0.81 
-«.26 
—0.26 
-«.81 
—0.26 
--0.09 
+0.09 
—0.11 
—0.81 
-«.71 

JftUM. 

12} 

12 
12 
12 
I2I 

FmL 
6.50 
6.54 
6.51 
6.61 
6.61 
&66 
6.66 
&76 
6.86 
6.71 
6.51 
6.61 
&66 
6.71 

FmL 

0.6872 

DeoemlMr  1 

0.5838 

December  2 

0.5206 

December  8 

0.5888 

December  4.... 

0.5288 

December  5 

0.5328 

•December  6 

0.5328 

December  7 

0.5406 

December  8 

0.5488 

December  9 

0.6368 

December  10 

0.5206 

December  11 

0.5288 

December  12 

0.S248 

n^oember  18 

0.5368 

DISCHAROB  OBSBBVATIOirS. 

In  order  to  ascertain  the  relative  amounts  of  water  passing  on  either  side  of  Presi- 
•dent's  Island,  discharge  observations  were  taken  in  both  the  chute  and  main  river,  a 
«hort  distance  below  the  head  of  the  island,  on  the  following  days,  December  29  and 
31,  1882,  January  2  and  February  20  and  21, 1883.  The  results  of  these  observations 
are  given  in  the  following  table : 

Table  of  diMcharget, 


Dftte. 


1882. 
Dec.  29 
Deo.  81 

1888. 
Jan.     2 
Feb.  20 
Feb.  21 


Feet. 
8.85 
0.80 

10.40 
32.80 
83.80 


MainoluuineL 


Areacf 
section. 


82,817 

84.085 
141,407 
148,904 


DU. 
oharse 

per 
■eoond. 


(hUrie/eet. 
118,296 
123,965 

189, 071 
618,268 
681,346 


Ifean  Telocity. 


Per 
second. 


r^et. 

8.8490 
3.7758 

4.0861 
4.3723 
4.8878 


Per 
hoar. 


Milet. 
2.6243 
2.5741 

2.7860 
2.9811 
2.9913 


Chute. 


Area  of 
section. 


Si 


q./eeL 
89,264 
42,362 


43,894 
104,519 
105,733 


Dis- 
oluurge 

per 
second. 


Oubic/eet 
188,181 
199,497 

206,573 
648,758 
562,715 


Mean  Telocity. 


Per 
second. 


4.6654 
4.7098 

4.7604 
6.2503 
5.3220 


Per 
hoar. 


JfOet. 
3.1810 
3.2109 

3.2457 
3.6798 
3.6286 


Oubie/eet, 
296^476 
323,462 

345.644 
1,167.026 
1,194,061 


From  the  above  table  it  will  be  seen  that  on  December  29  and  31, 1882,  and  January 
2,  1883,  when  the  water  was  at  a  medium  low  stage,  the  discharge  throngh  the  chute 
was  about  sixty  per  cent,  greater  than  thniugh  the  main  river,  but  on  February  20 
and  21,  when  the  river  was  bank  full,  the  discharge  through  the  main  channel  was 
about  10  ner  cent,  greater  than  through  the  chute. 
These  observations  were  made  with  floats,  running  a  distance  of  200  feet. 
The  floats  were  of  the  same  pattern  as  those  used  by  this  office  in  making  discharge 
observations  in  1879. 

Very  respectfully,  your  obedient  servant, 

F.  8.  BURR0WE8. 

A$9i9tani  Enffineer. 
•Capt.  A.  M.  Miller, 

Corpi  of  Engineer$f  V,  S,  A,^  Memphii,  Tenn, 


REPORT   O^   THE   MISSISSIPPI   RIVER   COMMISSION.  401 

K  4. 

REPORT    OF  F.   A.   FISHER,   ASSISTANT    EXGIXEKR,    UPON  A  SURVEY    OF  THE    HELENA 

REACH. 

United  States  Engineer  Office, 

MemphiSf  Tenn.y  May  31,  1883. 

Captain  :  I  have  the  honor  to  preseut  to  you  the  followiDg  report  of  the  survey  .of 
the  Heleua  Reach,  Mississippi  River,  you  iu trusted  to  my  charge  duriug  the  season 
of  1882-'8:5 : 

111  accordance  with  your  letter  of  instructions,  dated  October  16,  1882, 1  at  once  or- 
^'anized  a  party  and  procured  t)ie  necessary  outtit.  The  party  consisted  of  one  assistant 
eugiueer,  in  charge;  two  sub-assistnut^ ;  tburrodnien;  one  leadsman  ;  seven  oarsmen, 
and  one  cook ;  the  qnarter-boat  being  just  large  enough  to  accommodate  that  number 
of  lucu.  I  left  Memphis  October  22,  1882,  allowing  the  boat  to  drift  and  piloting  it 
with  my  two  well-manned  skilFs  to  Commerce  Landing,  arriving  October  24. 

The  iustrunieuts  furnished  me  were:  Transit  No.  4840  (Heller  and  Brightly) ;  transit 
No.  8  (Gnrley) ;  level  No.  4918  (Heller  and  Brightly). 

The  survey  comprised  a  tertiary  triangulation,  shore  line  of  both  banks,  of  bars, 
tow-heads,  islands,  and  topography  of  same ;  soundings  and  necessary  level  connec- 
tious  between  United  States  oenoh-marks  and  ganges ;  and,  also,  according  to  further 
instractionH,  dated  November  25,  1882,  location  of  levees  along  the  river,  when  it  did 
not  ext4)iid  the  survey  too  far,  and  the . ascertaiuing  the  level  of  high  water  of  1882. 
Secondary  triangulation  station  **  Peters/'  being  the  only  one  near  the  beginning 
of  my  work  which  could  be  found,  observations  for  azimuth  were  made  near  Com- 
merce Landing,  and  the  triangulation  carried  from  a  carefully  measured  base-line, 
4,092  feet  in  length,  connecting  this  point  with  triangulation  station  **  Peters,''  to  a 
check-base  at  the  head  of  Bordeaux  Chute,  where  observations  for  azimuth  were  also 
made,  as  a  check  on  previous  determination. 

Near  O.  K.  Landing,  Miss.,  the  first  complete  connection  with  secondary  triangula- 
tion through  line  triangulation  station  O.  K — triangulation  station  Waddell,  azimuth 
176°  04'  37°. 54,  was  made.  My  observed  azimuth  checked  within  one  minute.  The 
iiext  connection  was  made  at  Helena^  Ark.,  with  line  triangulation  station  Battery 
Hindman — triangulation  station  Court-house,  and  again  at  Friar's  Point,  through  line 
triangulation  station  Ship — triangulation  station  Westover. 

Gauges  to  determine  river  slope,  were  placed  at  such  points  along  the  river  as 
aeemed  to  indicate  a  change  of  inclination :  and,  elevation  of  their  zeros  was  deter- 
mined by  levels  from  known  elevation  of  United  States  bench-marks.  A  number  of 
sach  United  States  bench-marks  were  connected  by  chain  and  transit  with  tertiary 
triangulation  points. 

Simnltaneous  readings  of  the  gauges  were  taken  at  two  points,  usually  for  six  houra 
in  succession,  and  days  selected  for  slope  determination  at  a  nearly  stationary  stage 
of  the  river.  The  result,  with  dates  when  observed  and  stage  of  river  at  Helena,  are 
given  in  Table  No.  1.  The  rate  of  caving  of  banks  on  the  '*  reach,"  for  the  tin^e 
between  the  surveys  of  1878-'79  and  1882-'83,  is  given  for  the  different  sections  m 
Table  No.  2.     Sand-bars  have  not  been  considered  in  this  estimate.  / 

The  level  of  high  water  of  1882  is  given  in  Table  No.  3.  The  stage  of  water  at  Mem- 
phis, Tenn.,  and  Helena,  Ark.,  is  given  in  Table  No.  4.  The  amount  of  work  done  is 
given  in  Table  No.  5. 

TOPOGBAPHY. 

On  this  ''reach  "  many  of  the  secondary  stations  have  been  washed  away;  in  some 
instances  plowed  up,  and  in  others  buned  under  mud,  and  sand,  some  2  or  3  feet 
deep.  Tertiary  points  were  substituted  and  placed  in  close  proximity  to  each  other, 
BO  as  to  avoid  the  cntting  of  heavy  timber.  Stadia  lines  were  run  between  stations, 
and  all  points  inland  taken  as  far  as  stadia  oonld  be  read.  Elevations  as  given  on  the 
charts  depend,  in  feet,  on  a  plane  which  is  225  feet  below  high  water  of  June,  1868. 
This  high  water  corresponds  to  a  reading  on  Memphis  gauge  of  34.16  feet. 

• 

80UXDIK08. 

In  sounding,  a  lead  weighing  17f  pounds  was  used.  The  original  lead  weighed  20 
pounds,  but  I  found  it  too  heavy  for  satisfactory  use,  so  1  reduced  its  weight  as  given 
al)ove.  The  lead-hoc  measured  100  feet;  the  actual  length  of  which  was  determined 
bv  a  standard  measure  at  all  times  before  its  use,  and  correction  noted  in  its  proper 
place  in  sounding-books. 

Generally,  lines  were  souuded  at  an  Interval  of  about  1,U00  feet,  but  at  less  distance 
Avheuever  the  river  bed  appeared  changeable.    Two  transits  occupied  such  trlangula- 

H.  Ex.  37 26 
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lion  stations  as  would  give  the  best  determioation  of  position  of  sounding- boat  when 
the  flaK  was  raised. 

On  the  charts,  soundings  are  expresstnl  in  feet  and  are  reduced  to  that  stage  of  water 
which  correspondR  to  a  reailing  of  12.82  feet  on  the  Helena  gauge :  being  the  mean  for 
the  19  days  on  which  HoiicdingH  were  taken.  The  elevation  of  tnis  stage  of  wat«r  is 
161.54  feet,  or  55.61  leet  below  United  States  bench  mark  V-  High  water  of  1882,  at 
Helena,  was  34.'^  feet  above  the  stage  of  water  to  which  the  ch^ts  are  reduced. 

The  dates  in  the  river  bed  indicate  the  days  on  which  soundings  were  taken. 

The  readings  of  Memphis  and  Helena  gauges  on  these  days  are  given  in  Table  No. 
4.  Helena  gauge  is  read  twice  during  the  day,  at  9.30  a.  m.  and  1.30  p.  m.  The  mean 
of  these  two  readings  has  been  taken. 

CAVING   BANKS. 

Table  No.  2  ^ives  a  list  of  localities  and  the  rate  of  caving.  The  rate  is  determined 
from  a  comparison  of  the  present  position  of  the  shore-line  with  its  position  at  fortiier 
surveys.  It  will  be  observed  that  the  caving  at  east  side  of  Bordeaux  Island  is  going 
on  very  rapidly,  as  much  as  1,100  feet  in  one  year;  and  as  the  whole  distance  acrosa 
to  Old  River,  above  Walnut  Bend  Lauding,  is  only  1,117  feet,  the  river  will  doubt- 
less, at  na  distant  date,  break  through  and  resume  its  original  bed  in  Walnut 
Bend.  I  have  added  to  this  report  a  reduced  plot  of  this  interesting  section  of  river. 
.(Plate  II.) 

BARS  AND  TOW-HRAl>8. 

The  bar  opposite  Commerce  Landing,  between  old  and  new  river,  has  extended 
down  the  river  about  one-half  of  a  mile,  and  is  composed  of  a  very  fine  and  easily 
shifting  sand,  excei)t  on  the  northern  portion,  where  a  small  belt  of  gravel  pre- 
dominates. At  the  southern  end  is  some  silt  and  mud.  The  opening  at  Liuu'ood 
Point,  into  Council  Bend,  is  closing  rapidly.  The  bar  immediately  below,  on  Missis- 
sippi shore,  is  composed  mainly  of  sand  with  bome  silt  at  extreme  southern  end. 
Clark's  Tow-head  is  now  merged  into  this  bar  and  has  lost  its  identity. 

The  bar  opposite  Mhoou's  Landing,  **Ashley  Point,"  is,  at  its  higheht  elevation^ 
composed  of  sand.  Along  the  bluff  or  main  shore,  gravel  exists  and  varies  m  size 
from  0.5  inch  down  t^  coarse  sand.  ' 

The  bar  at  the  head  of  Bordeaux  Chute  couHists  of  a  very  fine  sand;  the  southern 
and  eastern  end  of  it,  whei'e  it  joins  on  the  main  shore,  is  composed  of  mud. 

The  W^alnut  Bend  bar  has  extended  down  stream  three-fourths  of  a  mile,  with  fine 
8an<l  on  its  surface ;  below  it,  however,  at  a  depth  of  one  or  two  feet,  it  becomes 
coarser  and  is  mixed  with  pebbles  as  much  as  0.75  inch  in  size. 

This  bar  will,  in  the  near  future,  become,  no  doubt,  an  island,  as  the  river  above  is 
forcing  its  way  rapidly  through  to  the  old  Walnut  Bend  Channel. 

The  large  bar  on  Mississippi  side  above  O.  K.  Landing,  as  well  as  two  small  bars, 
detached  from  it,  are  composed  of  a  coarser  kind  of  sand  than  usually  found ;  probably 
30  per  oeut  of  it  consists  of  quartz  particles  from  0.04  to  0.05  inch  in  size. 

Fox  and  Ship  islands  are  merged  into  this  bar.  At  its  eastern  extremity,  where  ifr 
forms  the  shore  of  an  inlet  (formerly  river),  is  a  belt  of  mud  which  extends  up  as  high 
a«  R  M.  -V^.  The  large  and  smaller  island  bars,  as  well  as  shore  bar  opposite  O.  K. 
Landing,  are  compost  of  fine  sand  with  mud  surrounding  them.  The  inland  imme- 
diately below  O.  K.  Landing,  in  midstream,  eonaistn  of  coarser  sand  mixed  with  large- 
size  pebbles,  some  as  much  as  1.5  inch  in  size. 

The  bars  forming  op)>OHite  Harbert's  Landing  are  composed  of  fine  sand.  Shoo- 
Fly  Bar,  below  Harbert's,  is  sand  in  its  main  body  with  some  gravel  at  its  northern 
end.  This  bar  has  assumed  quite  a  difterent  shape  since  1878.  From  being  egg- 
shaped,  with  greater  axis  lying  across  tlie  stream,  it  nas  assumed  a  long,  narrow  shape 
running  with  the  channel  of  the  river.  It  has  extended  to  1^  miles  below  its  former 
southern  end,  holding  meantime  its  head  pretty  well.  The  main  channel  of  river 
eroases  at  this  point  irom  Mississippi  shore  to  Arkansas  side  and  passes  close  to  north 
end  of  this  bar.  The  channel  between  it  and  Mississippi  shore  has  a  tendency  to  fill. 
The  bar  opposite  month  of  Saint  Francis  River,  whicli  includes  at  the  present  time 
Saint  Francis  To w-hewl,  in  a  fine  quality  of  sand.  The  tow-head  itself  is  composed  of 
ailt  and  covered  with  large-sized  cottouwood;  the  former  channel  between  tow-head 
and  main  Mississippi  shore  is  filling. 

The  Prairie  Point  bar  has  asHunted  a  very  large  dimension,  closing  the  former  exist- 
ing channel  I>etweeii  it  and  Arkansas  shoie  a  I  most  entirely.  The  northern  part  of 
this  bar  is  coinpose<l  of  a  very  fine,  almost  dust-like  sand.  At  the  eastern  mope  of 
thiM  liar  coarse  sand  with  particles  of  from  0.25  to  O/t  inch  occur.  The  southern  part 
has  a  Mmall  stretch  of  silt  and  mud,  mainly  along  wut^r  edge.  Helena  Tow-head  ia 
composed  of  tine  sand,  excepting  at  Helena  end,  a4id  also  along  eastern  edgf,  where 
*  aome  salt  is  found.    It  is  coTere<l  with  a  heavy  growth  of  willows  and  eottiUi^'ooU. 
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Tbe  bar  extending  from  below  Glendale  to  Tbompson^s  Landing  in  chiefly  sand  with 
some  mnd  spota  on  lower  part  oloae  to  water.  Some  gravel  is  found  near  the  upper 
portion  of  the  bar,  the  size  of  which  varies  from  O.l  to  0.3  inch  in  diameter. 

Montezuma  Bar  consists  of  sand  mainly.  Some  gravel  is  found,  but  not  in  large 
quantities.  As  a  rule,  it  has  been  observed  that  the  higher  parts  of  bars  consisted  of 
very  flne  sand,  increasing  gradually  in  size  towards  the  water's  edge.  The  general 
size  of  sand  as  it  occurs  is  about  from  a  dust-like  form  to  0.05  inch ;  that  of  gravel 
fnini  0.2  to  0.5  inch,  with  occasional  pebbles  of  1  inch  in  diamet-er. 

The  survey  was  completed  to  a  half  mile  below  Friar's  Point,  by  Januarv  27,  IBM.*^, 
at  which  date  the  tug  Clarence  arrived  to  tow  quarter-boat  back  to  Memphis,  where 
we  arrived  January  31,  at  which  date  partv  was  disbanded. 

My  thanks  are  due  to  Messrs.  W.  L.  Killebrew  and  C.  A.  Diusmore,  who  assisted 
me  willingly  and  ablv  in  the  prosecution  of  this  work. 
Very  respect  fnllv,  your  obedient  servant, 

F.  A.  FISHER, 
United  States  Jesintant  JCngin€ei\ 

Capt.  A.  M.  MiLLEBf 

Corpe  of  Engineere,  U,  S,  A. 

Table  No.  1. — River  slope. 


Locality. 


Date.. 


I    1882. 
From  lower  end  of  bar  near  i 
Campbeirs  Landing  to  I  Nov.  18 
M boon's  Landing. 


From  Mhoou'e  to  bead  of  , 

Bordeaoz  Chnto.  Dee.    5    4. 78 


ween 

er  at 

per 

ebet 
ages. 

!J 

%\ 

2^ 

g^ 

3 
.a 

1 

5 

s 

MUu. 

OQ 

M 

FteL 

FeA. 

3.44 

11.62 

0.00 

1 


From   head  of  Bordeanx 
Chate  to  fbot  of  same. 


FVoB  foot  of  Bordaanx 
Cbnte  to  small  iaiaiid 
beknr  O.  K.  Landing. 

From  island  below  O.  K. 
LandlDC  to  month  of 
Saint  nanoia  RiTor. 


Deo.  20 

Dee.  20 

188S. 
Jan.    0 


8.78 


0.81 


8.00 


From  month  of  Saint  Fran-  , 
eis  BlTor  to  foot  of  bar  i  Jan.  16    7. 34 
eppoaite  Trotter's  Land-  I 
iag. 


Trotter's  Landing  to  « 
Gange  No.  8,  below  Hel-  |  Jan.  23    4. 85 
eaa,  on  Arkanaaa  shore,   j 


12.10 


18.17 


10.55 


18.56 


15.40 


From  foot  of  Montasuma 
Tow-head  to  Westover,    Jan.  27  |  2. 20  ;    20. 00 
opposite  Friar's  Point. 


0.00 


&55  I    -0.09 


+0.11 


0.00 


0.00 


•fO.02 


From  Gaugt^  8,belo«r  Hel- 
ena, to  foot  of  Monte-    Jan.  24  ,  5. 45  '    16. 05  |    -fO.  08 
Mma  Tow-head. 


-fO.10 


p. 

I 

CO 


Ft€t. 

0.568 
1.937 


0.427 


L126 
4.999 


a367 
9.dlO 


a  401 

3.9MI 


a286 
3.198 


Remarks. 


Gaofse  2  is  in  a  cove  on 
lower  end  of  bar.  Ux  u go 
3  is  in  Old  River,  i  iiiUe 
above  Mhoon's;  no  cur- 
rent. 

Oange  at  Bordeaux  Cliiite 
in  slight  oarrrnt,  on  f^ist 
bank,  head  of  bar. 

Gauge  at  lower  end  of  sand 
bar,  opposite  Walnut 
Bend  Landing,  in  Mtill 
water. 

Gauge  in  current  on  e.oiit 
side  of  bar. 


i  Gauge  700  feet  in  Saint 
Pranois  River,  above* 
mouth,  in  si  ill  back- water 
of  Mississippi. 

Gauge   in    still  water  on 
I      west  side  of  l>ar. 


0  560     Gauge  in  current  on  Ar- 
9.4MW        kansss  shore,  *J  75  roilea 
below  Helena,  Ark. 

I 

0.962     Gauge locsted in  Stillwater 
1.969        on  Arltansas  shoie. 


0. 351     Gauge  loosto<1  in  still  water 
0.993        on  Arlcaosatt  shore. 


99.#9a     Slope  for  entire  distsnec. 


Bisa+.     FaU-. 

_  Ive  sum  of  slopa  i 
vmdiag  of  Jlt-lona  gis«co  for  Kie  nbia'days  an  whiah  slapa  waa  datersti 


Noi«.-.Figuras  In  heavy -faced  type  give  sum  of  slopa  ior  wlmla 


va  distaufsa. 
,  to  14.87  feet. 


The  ro 
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Below  is  given  a  list  of  localities  and  the  rate  of  CHving.  The  rate  is  determiDed 
from  a  comparison  of  the  present  position  of  the  shore-line  with  its  position  at  former 
«urvey. 

Tablb  No.  2. — Caving  banks. 


Looftlity. 


ABhley  Point,  Ark 

Mboon'8  Landinff,  Miss 

Bordeaux  Point  LandiBS,  Miss 

Bordeaux  Island  (east  side) .. 

^hore  opposite  Walnut  Bend,  Miss 

Smith's  Landing,  Ark    

One  and  a  half  miles  above  Harbert's  Landing 

■Opposite  Shoo-Flv  Bar,  Ark 

Month  of  Saint  Francis  River 

Below  month  of  Saint  Francis  River 

Trotter's  Landing,  Miss 

'Glendale,  Miss  

One  and  a  half  to  5  miles  below  Helena,  Ark 

Delta,  Miss 

One  and  a  half  to  2^  miles  below  Friar's  Point,  Miss. 


Rate  of  I  < 

caving  I   Total 
per      caviLg. 
year. 


Feet. 
320 
250 
400 

1,100 
400 
540 
132i 
3274 
75 
1821 

"I 

250 

102i 

140 


Feet. 
040 
500 
800 

2,200 
800 

1,080 
530 

1,310 
300 
730 

1,250 
250 

1,000 
650 
280 


Material. 


Remarks. 


Sand 

Sand  and  tilt... 

Sand 

Clay  and  sand.. 

Sand...-. 

do 

Clay  and  sand  . 
Sand  and  silt... 
Clay  and  sand  . 

ao 

do 

—  do 

Silt  and  sand  . . 

..  do 

..  do 


Since- 
Dee.,  1880 
Dec.,  1880 
Dec.,  1880 
Dec,  1880 
Dih;.,  1880 
Jan.,  1881 
Nov.,  1878 
Dec,  1878 
Dec,  1878 
Dec,  1878 
Dec,  1878 
Dec,  1878 
Dec,  1878 
Jan.,  1879 
Feb.,  1881 


Table  No.  Z.-^EleviUion  of  high-water  marks  of  1882. 


Locality. 


a 
o 

9 


At  Dr.  Peters'  store,  opposite 
Commerce  Tending. 


.ICboon's  Landing,  Miss 

Bordeaux  Point  Landing,  Miss. 
"Walnut  Bend  Landing,  Axk.  — 
.Anstin,  Miss 


K>.  K.  Landing,  Miss 

Month  of  Saint  Francis  River. 
Helena,  Ark 


Westover,  Ark.,  opposite  Fri* 
r'a  Point. 


Total. 


Feet. 
200.48 


208.  J3 
207.49 
204.70 
202.75 


208.60 
200.63 
105.88 

188.71 


%.. 

b 

o 

-a  . 

-Ss 

-= 

uS 

• 

5? 

ii 

3 

t 

MM 

n 

FeeL 

MiUt. 

Feet. 

5 
8 
4 


7 

8.75 

9 

12.5 


40.25 


0.260 
0.213 
0.697 


0.300 
0.225 
0.528 

a  576 


1.30 
0.64 
2.70 


2.10 
L07 
4.75 

7.17 


20.72 


Description  of  marks. 


This  mark  is  defined  by  a  nail  driven 

in  the  side  of  the  counter  Inside  the 

store. 
Mark  on  tree,  clooe  by  B.  M.  V* 
Mark  on  house  of  Henry  Wilton. 
Two  nails  in  door-post  of  store. 
Height  above  bench  mark  on  comer 

court-house   square,   measored  by 

oonnty  surveyor. 
Mark  on  store  and  post-office. 
Mark  on  large  tree  opposite  poet-olBce. 
Mark  on  wtndow-sill  of  bnck  house 

opposite  elevator. 
Well-deflned  mark  on  atorefaoiue  at 

comer  of  levee. 

Entire  high-water  slope. 


NoTB.  -Elevations  as  given  in  this  table  depend  in  feet  on  a  plane  which  is  225  feet  below  high  water 
"Of  June,  1858.    This  high  water  corresponds  to  a  reading  on  Memphis  gauge  of  84.16  feet.    High  water 
of  1882  corresponds  to  a  reading  on  Memphis  gangs  of  86.15  feet,  and  on  Hdena,  Ark.  goage  of  4708, 
tfsst. 
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Table  No,  4. — Water  gauges, 
[Showing  stage  of  water  at  United  Statea  gaage  at  Memphis,  Tenn.,  and  Helena,  Ark.] 


Date. 


1882. 
Nov.    3 


Mean  elevation 

of  water  in 

Tioinity  where 

•onndings  were 

taken. 


Feit. 
177.18 


4 

177. 18 

13 

177.46 

20 

174.50 

24 

174.08 

Deo.  5 

174.43 

0 

174.48 

11 

174.48 

15 

167.80 

20 

166.78 

21 

165.74 

29 

168.02 

1883. 

Jao.  5 

16108 

6 

162.08 

15 

162.08 

16 

162.08 

17 

160.90 

28 

168.15 

24 

165.22 

Ghtnee  reading 

at  Memphis 

at  8  a.  m. 


FmL 
5.22 

5.22 

6.18 

7.20 

6.75 

6.40 

6.80 

6.50 

&25 

8.75 

8.60 

8.20 

10.00 
9.70 
7.50 
7.50 
7.55 
10.26 
11.00 


Gauge  readings 

at  Helena  at 

0.30  a.  m.  and 

1.30  p.m. 


F§et. 

10.55 
10.70 
10.60 
10.70 
11.55 
11.70 
12.90 
12.11 
12.75 
12.80 
12.10 
12.10 
12.20 
12.80 
12.50 
12.  «0 
11.10 
11.00 
9.00 

ail 

8.75 

8.80 

18.05 

18.80 

17.10 
17.10 
17.00 
16.11 
18.20 
13.30 
13.50 
13.60 
13.66 
18.80 
15.80 
16.00 
16.80 
17.10 


Mean  for  nineteen  days. 


Mean  of 

Helena 

gauge. 


Feet. 
10.63 

10.65 

11.62 

12.50 

12.77 

12.10 

12.25 

12.55 

11.05 

8.55 

8.77 

13.17 

17.10 
16.55 
13.25 
13.65 
13.72 
15.90 
16.95 


12.82 


Table  No.  5. — Shotting  amount  of  work  done  from  Commerce  CuUOjf  to  Friar's  Point, 

Tertiary  triangnlation  stations  built 185- 

Azimntiis  observed , 3^ 

Bases  chained ^ 3- 

Theodolite  pointings 4,996i 

Leads  cast,  nnmberof 6,184 

Water-gan^es  set 11 

Hydrograpny  in  miles  along  river  channel,  old  and  new 59* 

Snore-line  in. miles 135 

Sand  ban  surveyed,  number  of.... 41 

River  slopes  determined,  number  of ^ 

Miles   of  levels  run  from  United    States  bench-marks   to  connection  with 

gauges 10.5* 
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estimate  of  richakd  klbmm,  assistant  knoinker,  for  rebuilding  and  lubpair- 
ino  levkrs,  saint  francis  and  part  of  yazoo  fronts. 

Unitkd  States  Engineer  Office, 

MemphU,  Tmn.,  March  15,  1883. 

Captain:  I  have  the  honor  to  sobmit  to  yon  herewith  estimates  of  amoante  of 
cnbiu  yards  to  be  filled,  and  also  the  number  of  acres  to  b^  cleared  for  the  repairing 
and  rebuildinff  of  the  old  State  levees  along  the  **  Saint  Francis  fh>nt  '*  on  the  west 
bank  of  the  ifississippi  River  and  the  **  Tazoo  iVont'^  on  the  ea^t  bank  of  the  river. 

The  Saint  Francis  front  in  this  district  extends  on  the  Arkansas  side  from  Island 
Ha,  40  to  the  month  of  Saint  Francis  River,  and  the  Tasoo  fh>nt,  as  far  as  surveyed, 
from  the  Chickasaw  Blutfs,  below  Memphis,  to  Friar's  Point,  on  the  Mississippi  side. 

In  accordsnce  with  your  orders,  I  have  prepared  two  estimates— one  to  give  the 
amount  of  cubic  yards  needed  to  fill  the  gaps  and  breaks  in  the  old  levees,  and  one  to 

f:ive  the  amount  of  cubic  yards  needed  to  raise  all  levees  li  feet  above  high  water  of 
882.  The  slope  for  new  levees  is  calculated  at  3  to  1  on  the  river  side  and  2  to  1  €hi 
the  land  side.  The  crown  of  the  levees  ^^ift^s  the  fill  ui>  to  a  fill  of  8  feet ;  above 
8-feet  fill  the  crown  will  not  exceed  8  feet.  The  muok-ditch  is  4  feet  wide  on  top,  2  feet 
wide  at  the  bottom,  and  3  feetdeep.  At  such  places  where  previously  no  levees  had 
been  built,  the  calculations  were  made  to  a  height  of  1^  feet  above  high  water  of  1882 
for  both  estimates. 

The  estimates  are  compiled  partly  from  actual  surveys  made  by  Mr.  Oartland  and 
myself,  and  partly  are  taken  from  the  charts  made  under  the  direction  of  General 
Comstock  in  1878.  From  a  point  below  Commerce,  in  Tunica  County,  to  the  Coahoma 
County  line,  the  amounts  are  taken  from  notes  and  profiles  made  by  the  county  engi- 
neer of  Tunica  County,  Mr.  G.  W.  Owens,  and  from  Coahoma  County  line  to  Friar's 
Point,  in  Coahoma  County,  from  notes  and  profiles  made  by  Levee  Inspector  William 
flewson. 

The  high- water  marks  are  partly  from  my  own  survey  and  partly  from  Assistant 
Engineer  Hunter  Stewart.  In  locating  the  new  levees,  I  followed  the  line  of  the  old 
levees  as  near  as  x>088ible.  At  such  places  where  the  old  levees  had  caved  into  the 
river,  I  laid  the  new  levees  far  enough  back  to  probably  be  safe  for  some  time.  I 
attach  a  sketch  on  tracing  linen,  showing  the  old  levees,  and  also  showing,  in  red  ink, 
the  proposed  line  of  the  new  levees.  The  map  shows  that  all  the  old  levees  were 
constructed  to  protect  the  farming  interests  only,  and  that  the  distances  between  the 
levees  on  either  side  of  the  river  vary  from  1  to  6  miles. 

I  find  that  the  highest  ground  is  always  along  the  river  bank,  and  that  most  of  the 
surface  drainage  goes  towards  the  inland;  on  the  Arkansas  side,  to  the  Saint  Francis 
River  basin,  and  on  the  Mississippi  side  towards  the  Coldwater  and  Yasoo  basins. 

TotaU, 


Location. 

To  height  of 
old  levMt. 

To  li  feet 
above  hijrii 
water,  ISfi. 

Clearing. 

• 

ArkuiSMiide - 

Mtttitfippf  *iAr^    r 

(hMepardt, 

i^iSTiw 

60,782 

Oubieyardt, 

l,eS4.1M 

842. 08S 

JLCt€9m 

878 
248 

«  «  «  « 

Very  respectfully,  your  obedient  servant. 


Capt.  A.  M.  MiLLKR, 

Corpi  of  Engineers,  U,  8,  J.,  MemphUf  Tenn. 


RICHARD  KLEMM. 

AeeUUtnt  Engineer. 
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Tabli  No.  1. — E$Umate$  for  repairing  and  rebuilding  the  old  State  leveee  along  the  Mi$' 
\  eieeippi  Rivera  on  the  Saint  Franeie  front,  in  the  State  of  Arkaneae. 


From — 


Redmaa'B  Point 

(Mound  City  Breaks.) 
MoondCitv 

(Hopefleld  Breaks.) 
Poar-Mfle  Bayoa  

(Apperaon  and  Beevea*  Landing 


Apperaoo 
Breaks.) 
Scanlan's  Landing 

(Cow  Island  Bend  Breaks.) 
Oat  Island  Landing 

(Horseshoe  Breaks.) 
^hie'sPoint  

(Coonoil  Bond  Break.  No.  1.) 
£iead  of  Coancil  Bend 

(Cooncil  Bend  Break.  Na2.) 

r.Peters' 


( AshleyPoint  Levee.) 
lead  of  walnnt  Bend . . . 


(Walnat  Bend  Breaks.) 

"•sH's  Place 

(Hardin  Point  Levee.) 


Total. 


To- 


HonndCity 

FonrMile  Bayon  .... 
3oanlaii*B  Landing . . . 

Cat  Island  Landing . . 

Bine's  Point 

Head  of  Conneil  Bend 

Dr.  Peters' 

Head  of  Walnnt  Bend 

FaU's  Place 

Month  of  Saint  Francis 


MiUt. 
5 

0 

18 

7 
18 
5 
6 
5 
8 
7 


'o 

hove 
1882. 

^ 

®  A 

«»<" 

A 

11 

feet 
vrate 

^•a 

M 

o 

o 

©•? 

£ 

H 

H-^ 

% 

Ou,yd$. 

Cu,yd», 

Ou.ud*, 
0^  000 

53,002 

174,  (»1 

70,867 
24,773 

20,000 
148. 756 
203,537 
183,063  ' 
100,385 
100.610 
140,589 


211,738 
178,370 

00,021 
153,208 
203,587 
188.053 


5,520 
8,732 

5,412 
6, 900 
0,008 
5,400 


a 
X 

J 

o 

AerM, 
40 

05 


100.385      8,040 


100,016 
140.580 


5.751 
10.006 


78  1, 122, 000  1, 608, 027     00, 120 


80 
84 
80 
74 
27 
80 
142 


078 


'jI'abls  No.  2. — Eetimatefor  repairing  and  rebuilding  the  old  State  leveee  along  the  Mieeie- 
eippi  River,  on  the  Taioo  front,  in  the  Statee  of  Tenneeeee  and  Mieeissippi. 


From — 


To- 


Soath  Horn  Lake 

(Taken  from  Q^neral  Comstook's 
survey.) 
Abbey's  tield 

(Tsken  fh>m  G.  W.  Owens.) 
Austin 

(From  G.  W.  Owens.) 
Coshoma  Coonty  lincf 

(From  WUliam  Hewson.) 


Total. 


Abbey's  Field 


Austin 

Coahoma  County  Line. 
Friar's  Point 


To  height  of  old 
levee. 

To  1|  feet  above 
high  water,  1882. 

1 

(huyds. 
7.020 

JTOm. 

28 

Ou.ydM. 
82,272 

Ou.yds. 
82,272 

20  296,204 

400.088 

5.500 

17  288,088 

274.701 

4.120 

14 

44,208 

00.040 

1,080 

79 

046^401 

888,702 

18,370 

bfl 

I 

ACTM, 

24 


120 
81 
18 

243 


Location. 


Redman's  Landing. . . 

^onndCity 

X>ake*s  Landing 

Merrywether's 

Partis  Landing 

Soanlan's  Lanung . .. 

Xlr.  Peters' 

VralnntBend 

"Mo.  Saint  Francis  . . . 
Helena  Water  Gauge 


Tablb  No.  3.—High^at0r  marke,  1882. 
ARKAKSAS. 


Station. 


0 
150+75 
2404-75 
880 
1080 
1200 
1480 
3050 


Elevation. 


Feet. 
229.02 
228.08 
227.85 
224.81 
228.220 
221.060 
219.771 
209.40 
204.07 
200.08 
106.88 


Bamarks. 


Taken  by  J.  Gartland. 

Da 

Do. 
Taken  by  H.  Stewart 

Do. 

Da 

Da 
Taken  by  B.  Klemm. 

Da 

Da 

Da 
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Table  No.  3.— fft^A-tmiter  mark$t  IBBd— Contiiitied. 
T£K20:SS££  AND  MISSISSIPPI. 


Location. 


Station. 


Memphis  Wat«r  Gaage 

BnaloT's  Landing 

Norfolk  Landing 530 

Bennett's  Landing 1070 

Commerce  Landing '  1360 

Mhoon's  Landing 

Bordeaux  Point 

O.K.  Landing j 


Elevation. 

Remarks. 

225.99 

Taken  by  H.  Stewart 

22L758 

Do. 

215. 217 

Do. 

2n.228 

Do. 

209.448 

Do. 

20ai49 

200.798 

202.663 

APPENDIX  L. 

report  of  captain  w.  l.  marshall,  corps  of  engineers,  upon  operations  in 

the  third  district. 

United  States  Engineer  Office, 

Vicksburg,  Miag.,  November  26,  18B3. 

Sir  :  I  have  tbe  honor  to  transmit  herewith  my  reports  of  operations  for  the  works 
in  my  charge  in  the  Third  District,  Improvement  of  the  Mississippi  River,  under  the 
sapervision  of  the  Mississippi  River  Coinmission,  for  the  eleven  months  ending:  No- 
vember  1, 1883,  as  follows : 

1.  Report  on  Lake  Providence  Reach,  with  snb-reports  of  Assistant  Engineers  Ar- 
thur Hider  and  J.  £.  Turtle,  with  nine  plates.    (I  to  IX.) 

2.  Report  on  revetment  at  Delta  Point,  La.,  and  dredging  in  Vicksbnrg  Harbor, 
with  suVreport  of  Assistant  H.  St.  L.  Copp^,  and  four  plates.    (X  to  XIII.) 

3.  Levees. — Tensas  and  Yacoo  fronts,  with  sub-reports  of  Assistant  Engineers  H.  D. 
Garden  and  Georee  M.  Helm,  with  wood-cut  plates. 

4.  Survey  of  Choctaw  Bend  Reach,  with  sub-report  of  Assistant  Engineer  Wm.  T. 
Blunt. 

I  am,  sir,  very  respectfully, 

W.  L.  MARSHALL, 

Captain  of  Engineere, 
First  Lieut.  Smith  S.  Leach. 

Corp$  of  Engineers,  U,  8.  A.. 

aetreiarjf  Miaeiesippi  Biter  CommisBion, 


lake  providence  reach. 

This  reach  extends  from  Carolina  Landing,  517  miles  below  Cairo,  to  the  foot  of 
Island  95,  a  distance  of  35  miles.  Work  was  begun  under  the  appropriation  of  March 
3, 1881,  in  February,  1882,  and,  with  a  short  intermission  in  July  and  August,  1882,  has 
been  prosecuted  continuously  since  that  time. 

The  characteristics  of  the  reach  are  sharp  bends  and  very  deep  water  and  rapidly 
caving  banks  at  head  and  fodt  of  the  reach ;  eight  crossings  from  bank  to  bauK,  on 
some  of  which  but  4^  feet  of  water  was  found  at  low  water  in  years  prior  to  the  in- 
ception of  the  work  ;  a  stretch  of  7  miles  of  straight  river,  from  Island  93  to  foot  of 
Stack  Island,  and  an  excessively  wide  river  at  Skipwith,  Island  93,  head  of  Stack 
Island,  and  below  Lake  Providence.  In  the  latter  oend  the  width  of  river  at  high 
water  reaches  9,600  feet  where  the  channel  is  very  much  obstructed  by  shifting  sand- 
bars of  great  extent. 

The  proiect  for  its  improvement  comprises  the  reveting  and  fixing  permanently  the 
bend  at  the  head  of  the  reach,  the  revetment  of  caving  banks  opposite  and  above 
works  of  contraction,  and  a  general  contraction  of  the  width  of  the  river  to  approxi- 
mately 3,000  feet. 

As  a  part  of  the  contraction  work  proper,  the  closing  of  the  following  chutes  is  nec- 
essary. 

(1)  Skipwith  Chute,  about  1,200  to  2,000  feet  in  width  at  high  water;  (2)  chute  of 
IsUnd  93,  900  feet  in  width ;  (3)  Baleshed  Chute,  to  crest  of  bar,  1,200  to  1,(X)0  feet 
in  width ;  (4)  Stack  Island  Chute,  850  feet  wide ;  (5)  Elton  Chute,  to  new  shore-line 
on  crest  of  bar,  about  800  feet  in  width. 
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At  the  date  of  the  liMt  annual  report,  works  had  been  iuangurated  for  the  closure 
of  Skipwith,  Island  93,  Baleshed,  and  Stack  Island  Chutes,  and  also  the  revetment 
work  ftt  the  head  of  Island  93. 

Daring  the  past  year  work  has  been  directed  towards  the  completion  of  these  works, 
which  have  been  greatly  extended,.and  to  the  inangnration  of  the  revetment  work  at 
Piloher's  Point,  and  contraction  works  at  Elton  or  Hopewell  Bar. 

I. — RKVETMENT  AT  PILCHER'S  POINT. 

The  bends  known  as  the  Carolina,  and  Lonisiana  or  Banchs  Bend,  at  the  bend  of 
the  rescb,  exhibit  more  rapid  caving  of  the  banks  than  any  part  of  the  reach,  and  the 
ioflaence  of  the  changes  jIToduced  in  the  direction  of  currents  below  is  plainly  seen 
and  felt.  The  entire  Ten^h  of  caving  bank  in  the  two  concave  bends  approximates 
seyen  miles.  In  the  Louisiana  Bend  at  Pilcber's  Point,  since  December,  1881,  tbe  cav- 
ing has  been  such  that  the  Mississippi  low-water  shore-line  now  occupies  in  places  the 
position  of  the  Louisiana  shore-line  then,  or  the  river  has  caved  its  entire  luw-water 
width  during  two  high-water  seasons,  or  about  1,500  feet.  The  water  is  excessively 
deep,  reaching  to  100  feet  in  depth  at  low  water.  The  effect  of  this  caving  has  been 
to  throw  the  currents  against  tbe  Mississippi  shore  above  the  contraction  works  at 
Skipwitb,  to  partially  undermine  and  destroy  these  works  at  the  head  of  tbe  chute, 
.  and  to  endanger  the  works  located  in  Skipwith  Chute  itself. 

In  May,  1883,  a  party  was  organized  under  Assistant  Engineer  Willard,  who  was 
afterwaids  relieved  by  Assistant  Turtle :  the  wooded  banks  cleared,  and  preparations 
msde  for  beginning  the  mattressing  of  tne  banks  there.  After  the  decline  in  the  river 
in  Aagust,  mattress-work  was  started,  but  during  the  sicklv  season  no  progress  could 
be  mMe,  as  labor  was  too  scarce  to  supply  the  works  alreaay  in  progress  and  incom- 

Jlete.  Since  October  1,  the  party  has  been  increased,  a  snag-boat  secured  from  Major 
lilier  to  remove  the  snags  from  the  bank  to  be  mattressed,  and  about  one-half  mile  of 
mattress  work  made,  1,228  linear  feet  of  which  has  been  sunk.  This  work,  however, 
liaee  it  cannot  be  completed  or  made  secure,  on  account  of  lack  of  funds,  mnst  now 
be  abandoned. 

2.— FROM  DUNCAXSBT  TO  STACK   ISLAND. 

This  division  of  the  work  has  been,  during  the  year,  under  the  local  management 
of  Asustant  Engineer  Arthur  Hider,  who  submits  a  detailed  report  of  operations,  with 
mapa  and  sketches  appended  hereto. 

3.— DUNCAN8BT  BT8TEM. 

This  svstem  embraces  the  first  work  of  contraction  on  the  reach.  The  river  is  here 
divided  by  two  tow-heads,  or  dry  sand-bars,  into  two  channels,  the  deeper  of  which  is  on 
the  Lonisiana  i^ore.  The  object  of  the  silting  works  built  nere  is  to  close  the  chute 
on  tbe  Mississippi  side  of  the  tow-heads;  and  at  the  head  of  the  tow-head  and  in  the 
opper  chute  five  cross-dikes,  the  upper  three  of  which  were  provided  with  foot-mats 
•od  acreens,  the  two  lower  with  screens  onlv,  have  been  built. 

The  longitudinal  dike  between  the  tow-neads  was  driven  at  high  water  and  was 
consequently  a  high  dike.  The  works  in  the  chute  and  at  head  reached  only  to  the 
17-foot  stage  of  water. 

Upon  the  rise  in  February  the  water  was  thrown  against  the  head  of  this  system  by 
the  caving  bend  at  Pilcher's  Point,  and  parts  of  the  upper  dikes  were  washed  out,  but 
t  very  marked  and  decided  fill  oconrred  behind  the  remnants  of  the  cross-dikes  and 
lon^tndinal  dike,  between  the  tow-heads,  the  former  of  these,  before  being  broken, 
havmg  evidently  offered  sufficient  resistance  to  determine  the  channel  to  the  west  of 
the  tow-heads  as  desired.  Along  the  longitudinal  dike  sand  was  piled  up  to  the  top 
of  the  piling  in  a  very  short  while,  and  a  rapid  cutting  away  of  the  head  of  the  uppeV 
tow-head,  resulting  from  the  river  crossing  above  it,  set  in. 

To  prevent  a  threatened  water-way  at  low  water  through  tbe  Skipwith  Chute,  and 
to  hold  the  head  of  the  tow-head,  pile-diiving  was  resumed  at  the  head  of  the  island 
and  in  the  chute  April  4,  1883.  Cross-dikes  were  driven  on  Ranges  37,  38,  and  39, 
M  far  as  the  stase  of  water  would  admit,  and  a  screened  dike  4w  feet  long  driven 
Kross  the  head  of  the  tow-head  for  the  purpose  of  attempting  to  shield  it  against  the 
eorrent  which  set  directly  against  it.  At  this  time  the  water  stood  so  high  that  brush 
for  revetment  could  not  be  nad.  A  small  quantity  of  brush  remained  on  hand,  and 
this  was  used  in  constructing  a  mat  130  feet  wide  in  rear  of  dike  37,  to  prevent  a 
channeKway  cutting  through  the  chute. 

Later  in  the  season  the  head  and  upper  flanks  of  the  tow-head  were  mattressed,  bnt 
the  second  rise  went  over  the  top  of  the  island  and  washed  it  in  two  behind  the  mat- 
traas,  which  remains  as  an  obstruction  in  the  channel.  The  dikes  on  Ranges  37,  3^<, 
39  have  since  been  .completed,  except  narrow  channels  for  communication  through 
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them,  and  a  heavy  dike  began  on  Range  36.    The  details  of  tbeee  dikes  are  shown  on 
the  accompanying  maps. 

The  works  at  Upper  Dnncansby  have  now,  through  the  changes  at  Pilcher's  Point, 
become  too  fiir  advanced,  and  that  svstem  is  seriously  threatened  with  destruction. 
A  line  further  retired  must  be  defined  by  the  river  itself.  It  does  not  seem  to  be  ad- 
visable to  hold  the  prenent  upper  tow-head,  but  rather  to  dike  out  from  the  Mississippi 
shore  to  determine  the  continued  filling  of  the  chute  below  and  allow  the  river  to 
make  a  more  easy  curve  by  cutting  down  further  the  npper  tow-head.  The  lower 
chute  under  the  influence  of  the  works  above  is  very  fast  filling  up. 

4.— MAYERSVILLB  SY8TBM. 

The  oontmctiou  works  of  this  system  as  designed  include  a  main  dike  and  at  least 
three  cross-dikes  on  Cott-onwoofl  Bar  to  prevent  the  river  cutting  through  next  the 
Louisiana  shore  and  t-o  hold  the  water  in  the  bend  of  Island  93,  a  dike  across  the 
head  of  the  chute  at  Island  93^  and  a  strong  dike  across  the  chute  at  Mayersville 
Landing.  Of  these  works  the  dike  across  the  head  of  the  chute  was  constmcted  prior 
to  the  last  annual  report,  and  the  dike  at  Mayersville  built  at  high  water  last  sum- 
mer. The  first  of  these  works  consists  of  an  open  dike,  three  rows  of  braced  piles 
reaching  to  about  the  17-foot  stage  and  mattressed  at  foot;  the  cross-dike  consists  of 
five  rows  of  braced  piles  reaching  nearly  to  the  30-foot  stage.  It  is  expected  that 
this  last  dike  will  cause  the  filling  of  the  chute  by  drift-wood  lodging  ngninst  it.  It 
is  not  yet  mattressed  at  foot,  but  this  will,  if  practicable,  be  completed  before  high 
water.  The  dike  at  the  h)e|id  of  the  chute  passed  'Mie  fiood  without  ipjury  and  caused 
s  very  appreciable  fill  behind  it,  the  chute  going  dry  at  low  water  both  at  head  and 
foot.  The  dikes  to  be  constructed  on  Cottonwood  fiar  gain  in  importance  as  the  cross- 
ing at  the  head  of  the  Duncausby  system  moves  downward.  A  channel  through  this 
bar  may  endanger  the  dikes  on  the  Baleshed  Bar  below. 

5.— REVETMENT  OF  ISLAND  93. 

At  the  date  of  the  last  annual  report  of  the  Commission,  there  had  been  constructed 
at  the  head  of  this  island  1,719  linear  feet  of  nnder-water  mattress.  After  that  date, 
until  interrupted  by  the  high  water  of  February,  1H83,  the  mattress-work  was  pushed 
vigorously,  until  it  extended  along  the  (koe  of  the  island  about  one  and  a  half  niiles. 
In  December,  also,  one  of  the  griMiers  was  put  at  work,  and  the  brush-work  of  the 
uppor  bank  revetment  was  followed  down  1,700  feet,  and  partially  weighted  with 
sand-bags  and  stone.  As  the  hol&ing  of  the  face  of  this  tow-head  is  essential  to  the 
completion  of  the  project  below,  the  mat- work  was  pres^d,  but  due  to  a  lack  of  stone 
for  sinking  mat«  and  covering  the  upper  bank,  the  work  was  caught  b^  the  flood  in 
an  incomplete  condition,  some  225  feet  of  the  npper  bank  revetment  was  lost,  and  the 
sand  above  the  lower  mat  washed  back  from  10  feet  to  300  feet  back  of  the  mattreas, 
which  remains  on  the  bottom  of  the  river.  The  work  is  being  done  over  again,  with 
nearly  the  same  experience  threatened  in  consequence  of  lack  of  material  and  money 
with  which  to  complete  it.  On  the  face  of  this  island  lioth  of  the  hydraulic  eraders 
have  been  employed  to  advantage,  the  average  cost  of  excavation  being  for  the  last 
year  3f  cent4  per  yard,  including  fuel,  oil,  and  repairs. 

fi.^BALESHED  CONTRACTION  WORKS. 

From  Island  93  to  Stack  Island  extends  the  Lake  I¥ovidenoe  Reach  proper,  a  stretch 
of  straight  river,  on  which  have  been  built  on  the  Mississippi  side  the  Baleshed  sys- 
tem of  dikes.  These  works  are  designed  to  close  the  chute  oehind  Baleshed  Bar,  Mid 
to  extend  that  bar  down  to  the  headof  Stack  Island  Chute  to  aid  in  closing  also  that 
deep  chute. 

The  system  comprises  a  main  longitudinal  dike  fh>m  the  main  Miseissinpi  shore  near 
Homochitto  Landing,  along  the  crest  of  Baleshed  Bar,  to  the  head  of  Staek  Island,  with 
twelve  cross-dikes  so  far  projected  and  partly  completed. 

Of  this  work  part  of  the  long  dike  at  the  head  of  Baleshed  Chute  and  four  (partial) 
cross-dikes  in  tne  chute  had  beisn  driven  durine  the  low  water  of  1882,  and  are  reported 
in  last  annual  report  of  work  done.  All  the  dikes  of  1882  were  low,  reaching  to  the 
17-foot  stage  on  tne  Providence  gauge.  In  February,  1883,  work  was  resumed  at  high 
water  upon  this  system,  and  has  been  prosecuted  continuously  to  date.  At  high  water 
a  strong  tendency  on  the  pari  of  the  river  to  pass  behind  Baleshed  Bar  was  exhibited 
and  the  chute  began  to  enlarge.  In  resuming  work  at  high  water,  to  prevent  this 
change  of  channel,  much  difficulty  was  exx>erienoed  fh>m  dint,  and  many  of  the  piles 
washed  out  as  fast  as  driven.  A  lodgment,  however,  was  at  last  effected,  and  by 
September  of  this  year  some  28,000  feet  of  pile  dike  haa  been  constructed  and  a  great 
fill  had  been  secured. 
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Of  the  croM-dikes,  six  extend  from  the  main  dike  acrose  to  the  MissiMippi  shore, 
tod  nix  are  still  incomplete,  not  having  been  extended  across  the  chute  on  aoooiut  of 
deep  w«kt«r. 

At  the  bead  of  the  system  the  main  dike  is  built  of  three  rows  of  braced  piles,  but 
00  the  highest  part  of  the  bar  it  is  only  of  two  rows.  The  cross-dikes  at  head  are  of 
tlffee.  fonr,  and  five  rows,  the  better  to  withstand  drift,  and  are  protected  at  foot 
with  thick  foot-mats.  The  high  dikes  all  reach  to  or  above  the  25-foot  stage,  and  for 
6  feet  above  the  present  bar  surface  are  now  being  closely  wattled  to  secure  deposits 
of  mud  for  the  sustenance  of  willows,  which  have  already  begun  to  make  their  appear- 
ance. 

On  the  decline  in  the  river  the  deposits  behind  the  long  dikes  were  cut  in  channels 
by  the  water  seeking  the  deep  chute  behind  Baleshed  Bar;  in  several  places  at  head, 
«nd  here  also,  the  main  dike  is  being  closely  wattled  to  prevent  this  action. 

In  front  of  the  main  dike  a  mattress,  ran^itig  in  width  from  100  feet  at  head  to  60 
feet  AK  foot,  has  been  laid  to  prevent  longitudinal  scour,  and  in  places  where  the  water 
fiUls  through  the  dike  into  Baleshed  Chute,  grillage-mats  have  also  been  placed. 

Along  this  system  the  local  effects  of  main  and  cross-dikes  can  be  well  studied,  as 
well  MB  the  influence  of  drift  as  an  enemy  or  as  an  aid  to  these  constructions,  the 
eioee  dikes  driven  at  high  water  having  caught  much  of  it.  This  will  be  spoken  of 
bereaftrr  in  this  report. 

The  efl^ct  of  the  dikes  of  this  Baleshed  system  has  been  all  that  could  be  expected. 
Altbonxh  open,  t.  a.,  not  wattled  or  curtained,  they  have  caused  a  great  fill  behind 
tlMiD,  have  ^xtendea  the  bar  both  at  head  and  foot,  and  thrown  the  current  well  over 
to  tht9  Louisiana  shore,  opfHMiite  the  head  of  Stack  island,  and  have  perhaps  rendered 
thm  permanent  clorure  of  that  chute,  which  is  now  83  feet  deep  at  low  wat«r,  a  pos- 
sibility in  the  future,  the  main  channel  of  the  river  having  already  been  diverted  or 
Reflected  from  that  chute  by  these  works,  aided  by  the  dikes  reaching  from  the  foot 
of  Baleshed  Bar  to  the  head  of  Stack  Island,  and  the  short  dikes  on  the  opposite  side 
<yf  the  river  at  Elton. 

The  proposed  channel  at  the  head  of  Stack  Island  was  projected  throneh  the  crest 
of  Hopewell  Bar,  and  the  change  here  has  been  a  remarkable  one.  The  Stack  Island 
Chute  next  the  Mississippi  shore  was  80  feet  deep  at  low  water.  The  Elton  Chute, 
alon^  the  opposite  or  Louisiana  shore,  was  also  deep,  exceeding  30  feet  at  low  water. 
and  the  Hopewell  Bar  filled  up  the  greater  part  of  the  main  projected  channel- way. 
An  open  dike  was  built  above  the  head  or  Stack  Island  on  the  crest  of  the  crossing 
or  weir,  and  a  series  of  six  short  spur-dikes  across  the  head  of  the  Elton  Chute.  At 
high  water  these  dikes  induced  a  aeposit,  as  shown  on  the  map  of  the  April  survey 
herewith,  and  the  main  river  cut  its  channel  to  the  right  of  the  island,  as  projected, 
removing  immense  deposits  of  sand.  For  some  time  this  main  channel  was  more 
ahoal  than  either  of  the  chutes  next  shore,  or  the  river  ran  in  a  trough  excavated 
through  a  mound  in  the  middle  of  the  river.  The  tendency  is  to  cut  across  the  nar- 
row ndge  at  the  head  of  Stack  Island,  and  to  fall  back  into  the  deep  trough  behind 
that  island. 

The  dike  work  so  far  built  here,  at  Stack  Island  and  Elton,  is  insignificant  in  char- 
acter and  must  be  very  materially  extended  and  made  both  stronger  and  less  permea- 
ble in  order  to  permanently  keep  the  river  out  of  the  chute. 

Although  the  works  have  been  nearly  altogether  open  pile-dikes,  the  etTects  on  the 
reach  have  been  very  marked  in  deepening  tne  channel. 

During  the  last  low  water  there  was  a  good  channel  not  less  than  15  feet  in  depth 
throughout  the  reach,  and  navigation  was  without  a  hindrance  anywhere. 

There  are  attached  hereto  tables  giving  all  the  work  done  on  the  reach,  prepared 
hy  Assistant  Engineer  Hider,  wh^  mis  also  given  a  detailed  description  of  all  cou- 
•tmctions  used. 

The  machines  and  appliances  used  on  the  work  have  been  the  same  as  heretofore, 
with  the  exception  of  an  appliance  for  holding  the  head  of  a  mattress  in  swift  water 
during  construction,  and  until  it  is  safely  sunk  to  the  bottom  of  the  river.  This  con- 
sists <n  a  strong  truss  floating  at  the  head  of  the  mattress,  to  the  lower  chord  of  which 
the  mattress  is  attached  every  8  feet  by  rings  and  tripping-hooks,  the  latter  of  which 
ean  all  be  tripped  simultaneously  by  a  rod  attached  to  a  lever  at  the  shore  end  of  the 
truss  and  the  truss  released  from  the  mat.  A  modification  of  the  hurdle-mattress 
has  also  been  found  necessary  in  the  deep  and  swift  currents  encountered.  This  mod- 
ification consists  in  running  ulongside  the  poles  on  which  the  mattress  is  woven  con- 
tinuous lines  of  iron  rods,  25  feet  in  length,  connected  by  lap-rings  and  clevises,  the 
rods  ranging  in  diameter  from  |  to  i  of  an  inch.  Drawings  and  descriptions  of  this 
mattrees  and  mattress-head  are  herewith.  They  have  been  used  successfully  at  Pil- 
cher's  Point,  as  may  be  seen  from  Assistant  Engineer  Turtle's  report  herewitn. 

The  detachable  mattress-head  is  a  great  assistance  in  sinking,  without  danger,  the 
heads  of  continnous  mats  in  swift  currents. 

Modifications  have  also  been  found  necessary  in  the  pile-dikes,  which  are  now  pro- 
vided with  thick  foot-mats,  and  are  built  of  three  rows,  sometimes  of  five  rows,  in  all 
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exposed  places.  In  three-row  cross-dikes  the  wattlioff  is  placed  ou  the  middle  row,  or 
along  the  middle  line  of  the  foot-raat.  la  tiye-row  dikes  it  is  proposed  to  wattle  the 
second  and  fourth  ro  « s.  The  latter  construction  is  proposed  for  closing  chuten,  the 
two- wattled  rows  representing  two  cross-dikes  with  a  short  pool  between  them,  gaiuv 
ing  the  advantage  of  wider  foot-mats  and  stronger  anchorage  over  two  cross-dikes  of 
less  width  farrher  apart. 

The  vertical  close  wattling  has  been  adopted  instead  of  inclined  mats,  or  curtains, 
as  first  used,  ou  account  of  the  gp'eater  cheapness  of  the  construction,  as  less  uiafehal 
is  required.  An  eddy  will  be  produced  under  the  lip  or  crest  of  the  wattliug  when 
the  water  passes  over  the  wattliug.  At  the  first  stages  of  the  till  U^^low  the  (likes* 
there  will  be  a  trough  immediately  below  the  wattling,  due  to  this  eddy,  but  after  the 
fill  above  and  below  reaches  the  level  of  the  top  of  the  wattled  portion  nf  the  dike 
these  troughs  will  evidently  fill  up  even  with  the  top  of  the  general  till  and  the 
wattliug  be  covered. 

All  the  results  accomplished  on  the  Lake  Providence  Reach  have  been  by  open 
dikes,  mostly  without  either  screens  or  foot-mats.  It  is  certain  that  the  currents  can 
be  reduced  in  velocity  by  piles  alone  until  they  are  too  gentle  to  scour  mnch  at  the 
fbot.  of  the  dikes,  and  that  piles  alone  offer  sufficient  obstruction  to  cause  grfat 
fills  behind  them.  When  the  dikes  are  mattressed  at  the  foot  there  is  danger  that  if 
the  work  is  not  a  success  the  mats  will  remaiu  a  permanent  obstruction  to  naviga- 
tion. 

It  seems  that  it  is  better  to  secure  the  fill,  if  possible,  by  means  which  cannot  by 
any  possibility  be  damaging  if  they  fail,  and  afterwards,  with  an  ezpenditurti  of 
mnch  less  material  than  necessary  to  mattress  and  wattle  or  curtain  all  the  dikes,  to 
mattress  only  the  proper  parte  of  the  new  banks  secured,  or  else  in  the  first  construc- 
tion to  restrict  the  brush  work  to  important  parts  of  the  dikes  only.  T^e  ncsceseiity 
for  mattressing  and  wattling  pile  dikes  causes  great  delay  to  the  revetment  of  banks : 
causes  the  time,  labor,  material,  and  means  to  be  expended  to  protect  cotton wooa 
piles  that  can  last  but  two  years  at  best,  when  our  efforts  would  be  more  profitably 
directed  to  the  bank  work,  which  is  more  of  a  finality.  It  is  my  impression  that  do 
pile  work  is  worth  the  extra  expense  of  mattressing,  except  strong  dikes  placed  in 
chntes  to  close  them,  and  the  main  lines  along  the  proposed  new  banks.  Those  for 
closing  chutes  should  be  built  of  cypress  piles,  well  braced  to  stand  any  pressure 
that  may  be  brought  against  them,  neavily  mattressed  at  foot  sgainst  scour,  and 
wattled  or  thickly  curtained  to  form  permeable  or  submergible  dams. 

DRIFT-WOOD. 

During  the  early  part  of  the  rise  last  February,  fields  of  drift  were  brought  down 
by  the  flood  and  lodged  against  onr  piling.  Most  of  this,  on  the  ftirther  rise,  was  re- 
leased and  floated  past,  but  on  two  of  the  cross-dikes  on  Baleshed  Bar  there  were 
great  accumulations.  These  dikes  were  only  of  two  rows  of  piles,  not  provided  with 
mats  at  bottom,  aud  but  insecurely  braced.  They  were  streugthened  by  additional 
rows  of  piles  driven  behind  them,  and  the  drift  held  by  them.  At  first  small  parts  of 
the  dikes  at  the  ends  were  broken  away,  but  it  has  not  been  ascertained  whether  by 
natural  scour  around  the  outer  euds  of  the  spur  dikes,  or  by  impact  of  drift.  The 
great  mass  of  the  drift  accumulation  was  retained,  and  still  remains  above  these 
dikes.  Afterwards  drift  in  smaller  quantities  lodged  against  the  high  cross-dikes  in 
Baleshed  Chute,  and  in  one  or  two  cases  gaps  were  washed  out  in  the  dikes,  due  to 
its  influence. 

In  all  cases  where  considcrdble  quantities  of  drift  accumulated  at  high  water  there 
has  not  only  not  been  any  scour  under  the  drift,  but  there  has  been  a  considerable 
fill,  both  under  the  drift  and  below  it. 

The  action  of  the  drift  ou  the  currents  and  dikes  seems  to  be  this :  If  in  small  quan- 
tities, extending  a  few  feet  only  above  the  dike,  and  of  moderate  depth,  it  acts  as  a 
barrier  with  an  aperture  underneath  ;  the  head  of  water  is  increased  by  the  barrier 
and  the  current  under  it  directed  against  the  bottom  at  the  foot  of  the  piles,  which, 
under  these  circumstances,  if  not  protected,  are  likely  to  scour  out.  When  the  accu- 
mulation gets  larger  the  friction  of  the  drift  and  bottom  is  more  than  sufficient  to  kill 
the  current  due  to  the  hydrostatic  head  formed  by  the  resistance  of  the  drift  to  the 
current,  flowing  down  upon  it,  and  the  water  flowing  under  the  drift  heap  runs  with 
less  velocity  than  1)efore,  aud  deposits  sediment.  The  main  body  of  the  water  then 
flows  off  along  the  sides  of  the  drift  obstruction,  and  endangers  the  piles  on  the  flanks 
of  the  accumulations.  A  »mall  quantity  of  drift,  then,  is  dangerons;  a  large  qtianiibf 
is  a  help  and  an  aid.  If  pile  dikes  are  then  built  sufficiently  strong  to  withstand  the 
impact  of  the  drift,  and  protected  at  foot  sufficiently  to  stand  the  scour  consequent 
upon  the  first  small  accumulations,  this  material  may  be  made  a  very  important  part 
of  our  resources  in  filling  up  chutes  and  building  bars. 

I  do  not  know  of  any  case  on  the  Providence  Reach  where  piling  yielded  to  prewure 
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•f  drift,  but  there  were  cases  where  dikes  were  broken  by  the  force  of  impact,  and 
others  by  scour,  caused  by  small  drift  accumulatious.  There  are  other  cases  where 
tbe  flotation  of  drift  is  supposed  to  have  pulled  piles  out  as  the  water  rose. 

FINANCIAL  6TATEMKNT. 

Lake  Providence  Reach, 

*BaIa uce  from  previous  appropriations $13, 573  85 

Allotment  underact  of  August,  1882 650,000  00 

New  Ma<lrid  allotment  (transferred) 187,n00  00 

Adilitioual  allotment  from  unallotted  reserve 112,  TjOO  00 

1963, 573  85 

Kxi»ended  by  Captain  Marshall,  from  July  1,  1882,  to  December  1,  1882: 

Plant  and  tools $23,068  48 

Piles,  coal,  &c 3,H73  15 

Services 46,061  80 

Tow-boat  service 5, 492  03 

Subsistence 6, 1168  3J^ 

Miscellaneous ' 1.611  44 

Totiil 87,075  23 

£xi>endedby  Captain  Marshall,  from  December  1,  1882,  to  November  1, 
18^3 : 

Plant  and  tools $63,766  26 

Brush,  piles,  «fec 77.516  84 

Services :  Construction 152, 050  43 

Surveys 7,222  07 

Office  and  headquarters 10,4:)3  64 

Tow-boats  (including  charter) 17,454  11 

Snaj;-boat 625  32 

Medical  attendance  (including  drugs) 1, 626  06 

Subsistence 22,774  61 

Miscellaneous  (including  transportation,  traveling  ex- 
penses, dec) 7.170  02 

Total 360,639  36 

£xi>ended  by  Captain  Marshall: 

From  Jnlvl,  1832  to  December  1,  1882 $87,075  Zi 

IrYom  December  1,  1882,  to  November  1, 1883 360,639  36 

447, 714  59 
Expended  by  Captain  Sears 359,531  33 

Total  expenditures 807,245  92 

Balance  available  November  1,  1683 156,327  93 

Balance  in  Treasury 137,000  00 

Balance  in  hands  of  Captain  Sears 4,700  78 

Balance  in  hands  of  Captain  Marshall 14,627  15 

156. 327  93 
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Tbe  following  expend itiireB  were  mude  by  the  executive  bflioer,  Mississippi  Birer 
Comniission,  for  floating  property,  &c.,  for  use  on  Lake  Providence. Reach : 


DeMription.  i   g  |  ^^I^lu^"^  '^^^^^  <^*^^-         ^*^^  **^  payment.        ;  MarkH  and  oambera. 


0 


Barges. 


Total 


11     $2, 000  00  I  $22, 000  00     Dec.  1882,  to  Mar..  1888  .  |  77,  '8,  '9.  80,  '1.  '2.  '3,  '4„. 

5l  'S  *7 

8  1    2. 400  0<)       19, 2(K)  00     Juu.  to  >Ur.,  1883 88, 91. 154,  '5.  «.  7.  '8, '9. 

2!     1.9«0  0U:      3.92U0U     Jiine,1883 50,00. 

1       1.300  UO        1.300  00     Har..l883 {  194. 

4       •_».  000  00        8.  tw  0  00     Not  known 136,  '6,  "7,  '8. 


Mattre«s*boatii . 
Steam  tow-boat 
Quarter-boats. . 


SkitTrt  with  oars. 


Total 


Klectric  light  and  outfit. 

Anchoni   .' 

Outfit  of  quarters,  boats 
and  other  plant 


2(S 

2 

1 
4 

6,900  00 

17.404  00 

4.000  00 

5 

10 

8 

20  00 
20  25 
25  50 

?3 

1 

938  50 

54.420  00 


18.800  00  I  June  to  A ag.,  1888 80.81. 

17,404  00    Jan.,  1883 DePanw.now  VidalU. 

18,000  00     Apr.,1883 21. '2. '3. '4. 


100  00  Jan..  1883  . 
202  50  July,  1883  . 
204  00  Aag.,  1883 


500  50 


938  50 

365  58 

3,920  10 


Total j....! I  107,354  68 


June,  1883 

Mar.  to  Apr..  1883. 
Jan.  to  June,  1883  . 


Barges  Nos.  135, 136, 137, 138,  in  use  on  Lake  Providence  Reach,  were  paid  for  out  of 
Memphis  allotment ;  four,  at  |2,000=$H,000. 

This  list  does  not  include  plant  bongbt  for  general  service  out  of  Lake  Providence 
allotment. 

KEVETMKXT  AT  DELTA  POINT. 

Tbis  work  during  the  last  year  was  carried  on  under  the  immediate  direction  of 
Assistant  Engineer  H.  St.  L.  Copp6e,  and  was  a  continnation  of  the  work  begun  id 
1678,  under  the  supervision  of  MaJ.  W.  H.  H.  Ben;(rauni,  Corps  of  Engineers,  in  accord- 
ance with  the  recommendation  or  the  Board  of  Engineers  upon  the  Restoration  of  the 
Harbor  of  Vicksburg,  published  in  the  report  of  the  Chief  of  Engineers  for  1878. 

The  reptort  of  Mr.  Copp^e  herewith  is  fhll  and  details  at  length  the  work  done. 

A  description  of  the  methods  employed  was  given  by  Mr.  Copp^  in  the  last  annual 
report  of  the  Commission,  at  whien  time  about  1,100  feet  of  the  work  was  completed. 
From  the  date  of  that  report  T  December  1.  188*2)  work  progressed  continuously  until 
Febrnary  10, 1883,  when  the  allotment  had  oeen  expended.  Tbe  plant  was  then  trans- 
ferred to  Wilson's  Point,  La. 

The  work  during  the  past  year  was  carried  on  in  the  same  manner  as  described  in 
the  former  i'e|H>rt,  with  tne  exception  that  the  piles  through  the  shore  edges  of  th& 
mats  were  omitted,  in  order  that  if  high  water  snould  find  the  work  incomplete,  coii> 
t-inuouH  mats  might  be  sunk  without  interruption,  overlapping  the  low-water  mat- 
tress, and  with  the  further  ezoeption  that  a  mud  flat  some  250  feet  wide,  below  the 
old  bank,  was  not  revetted  above  the  12-foot  stage ;  also  the  upper  bank  revetment 
of  the  last  025  feet  consisted  of  a  woven  hurdle-mat  sunk  at  hi^h  water,  reilching  to 
the  32-foot  stage,  instead  of  the  usual  upper  bank  revetment  which  could  not  then  l»e 
placed. 

The  work  was  carried  several  hundreds  of  feet  below  the  head  of  the  sand-bar  at  the- 
point  at  low  w^ater. 

The  low  water  Just  passed  revealed  that  the  work  done  under  the  Comniissioo 
sttKMl  intact,  but  that  tne  mud  flat  mentioned  above  should  be  covered  with  brush, 
and  stone  t^i  prevent  a  possible  eddy-cut  around  tbe  revetted  old  bank. 

A  sinnll  portion  of  the  dike  built  in  1879  at  the  projecting  point  itself  has  fallen  in,, 
due,  probably,  to  the  rotting  away  of  the  thick  brush  mats  of  which  the  dike  wa» 

Erincipally  built.  In  all,  about  500  linear  feet  of  brush  and  stone  patch-work  should 
e  done  to  secure  the  work  against  another  flood.  In  all,  about  4,000  feet  of  revet- 
ment measured  along  the  bank  was  laid,  costing,  including  additional  quarters  on 
shore,  one  ((uarter-boat,  and  the  redeckiug  of  one  barge,  towing,  superiutendenee» 
t4K>ls  transferred  to  Wilson's  Point,  La.,  £0.,  |75,762.49,  or  $18.75  per  linear  ftH»t. 
Mr.  Copp^  esHmates  the  actual  cost  of  ]al»or,  subsistence,  towing*  and  material  a» 
$13.37  per  liDem-  foot,-^as  tha  aotaal  cost  of  the  work  done. 
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FINANCIAL  STATEMENT. 

Bv  act  approved  June  18, 1878 $84,000  OO 

Bv  act  approTed  March  3, 1879 50,000  00 

B*y  act  approved  June  14,  1880 20,000  Oa 

Bj  act  approved  March  3, 1881 75,000  00 

By  allotmenta  from  appropriation  for  improving  Mississippi  River,  Au- 
gust 2,  1882... '. 50,000  Oa 

Total 279,000  00 

Expeoded  prior  to  December  1,  1882 231,242  17 

Balance  available  December  1,  1882 47.757  8a 

Expended  since  December  1,  1882: 

For  plant  and  tools $1,335  39 

For  services 22,781  45 

For  sabmstenoe 6,318  46 

For  stone  and  ooal 12,260  92 

For  charter  of  tow-boats,  dec 3,406  37 

For  office  supplies , 257  57  ' 

Miscellaneous  (including  traveling  expenses,  trausporta- 

lion,  quartern,  mule  hire,  &c) 1,388  03 

Total 47,750  19- 

Balance  available  November  1, 1883 7  64 

BKEDGING  IN  VICK8BURG  HARBOR. 

Under  the  allotment  of  $100,000  made  by  the  Commission  from  the  general  appro- 
priation for  improving  Mississippi  River,  and  the  project  adopted  by  them  September,. 
188B,  bids  were  solicited  for  dredging,  and  received  and  opened  Just  before  the  date 
of  the  last  annual  report.  An  abstract  of  the  bids  received  was  published  in  the  last 
report  of  the  Commission. 

The  project  for  this  work  was  to  excavate  a  basin  300  feet  wide,  1,700  feet  long  in 
front  of  the  elevator ;  a  canal  150  feet  wide  from  this  basin  to  deep  water  in  the  lake,, 
and  to  keep  open  the  west  entrance  to  the  lake.  The  dredging  to  be  done  to  the 
zero  of  the  Yicksbur^  Kaa^' 

The  lowest  respousibTe  bidder  for  this  work  was  Mr.  Rittenhouse  Moore,  of  Mobile,. 
Ala.,  12.1  cents.    The  next  lowest,  S.  N.  Kimball,  of  Mobile,  Ala.,  at  18f .    The  third, 
Fobea  &  Co.,  of  Baltimore, 'Md.,  at  19  cents  per  cubic  yard.    Of  the  three,  Moore- 
stated  that  he  could  not  begin  work  until  February  10 ;  Kimball  was  not  provided 
with  plant,  and  Fobes  &  Co.  expressed  their  abilitv  to  complete  the  work  by  June  30. 
An  the  possible  success  of  the  entire  project  for  tne  year's  work  depended  upon  the 
rapidity  with  which  the  work  could  be  done,  and  it  was  especially  necessary  that  it 
should  be  completed  before  the  decline  of  the  water  that  could  be  expected  in  July,, 
it  was  recommended  that  the  work  should  be  divided ;  one-half  to  Moore  at  his  bid, 
and  the  other  half  to  Kimball  or  Fobes  &  Co.,  at  their  prices.    The  entire  contract 
was  awarded  to  Rittenhouse  Moore,  of  Mobile,  Ala.,  the  lowest  responsible  bidder,, 
who  was  unable  to  beg^in  at  the  time  required,  prosecute  the  work  with  the  vigor  re- 
quired under  the  specifications,  or  complete  it  within  the  time  specified.    The  work 
by  the  contractor  was  not  begun  until  April  5, 1883,  and  was  prosecuted,  with  many 
delavs,  until  September  18,  1883,  when,  on  account  of  the  rapid  decline  of  the  river,, 
the  dredging  wna  necessarily  suspended,  less  than  one- half  the  required  work  having, 
been  penormed. 

For  reasons  to  be  given  hereafter  in  this  report,  the  contract  was  then  allowed  tO' 
expire,  350,035  cubic  yards  having  been  removed. 

Daring  the  period  covered  by  the  dredging  operations,  the  basin  was  excavated 
down  to  the  zero  of  the  gauge  for  a  width  of  Iw  feet,  and  four  additional  cuts ;  or  160' 
feet,  taken  down  to  the  -f-^'  plane,  80  feet  in  width  of  the  canal  was  excavated  to 
the  zero  plane,  and  an  attempt  was  made  to  excavate  the  West  Pass,  which  since  the- 
previous  low  water  had  filled  until  the  depth  of  cut  required  was  about  17  feet.  The 
attempt  failed  for  want  of  proper  facilities  for  removing  the  material  excavated,  which 
was  oi  pure  sand,  and  the  work  there  was  ordered  abandoned  by  the  construction  com- 
mittee Mississippi  River  Commission,  August  22,  1883. 

In  consequence  of  the  failure  of  the  dredging  operations  at  West  Pass,  and  the  in- 
complete condition  of  the  basin,  the  wharf-boat  was  removed  lh>m  the  upper  landing 
to  Kieinston,  Aagust  7, 1883,  when  the  river  stood  at  23.7  feet  ou  the  Vicksburg  gauge, 
and  the. minor  boats  were  excl^uded  from  the  harbor  a  few , days Jater,^or  af&;r  the', 
river  reached  the  90-foot  stage  at  Vieksburg. 
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On  the  deoline  of  the  water  below  the  edges  of  the  excavated  area  extennive  sloagh- 
ing  and  sliding  inwards  of  tho  mud  deposit  composing  its  side  took  place,  and  on 
account  of  its  semi-fluidity,  or  plasticity,  the  weight  of  the  banks  themselves  caused  an 
upheaval  at  the  bottom  until  the  slopes  reached  the  inclination  of  i,  iV*  ftnd  in  places 
1^.  This  upheaval  was  greatest  in  the  deepest  part  of  the  excavation,  on  account  of 
the  weight  of  the  high  deposit  along  the  YickHburg  front,  which  sunk  down  vertically 
from  6  to  8  feet.  The  upheaval  here  amounted  to  as  much  as  8  feet.  This  material 
was  again  removed  to  the  zero  plane  for  a  width  of  80  feet  by  the  dredge  prior  to 
stopping  work. 

The  sides  of  the  excavated  area  are  now  quite  regular,  with  nearly  uniform  slopes 
of  one  vertical  to  eight  horizontal. 

Tho  efflux  of  water  through  the  narrow  and  shallow  cut  made  by  the  dre<lge  at  the 
West  Pass  was  sufficient  to  keep  the  sand-bar  cut  down  as  the  river  fell,  and  small 
boats  began  again  to  make  their  appearance  in  the  harbor  on  the  first  rise  of  three 
and  a  hsuf  feet.  At  the  Ti-foot  stage  steamers  drawing  5  feet  of  wat-er  now  land  at 
the  wharf-boat  landing  in  front  of  the  city,  turn  in  the  basin,  and  go  out  through  tho 
canal  and  cut  at  the  West  Pass.  Larger  boats,  it  is  expected,  will  make  thetr  ap- 
pearance at  a  lower  stage  of  water  than  for  several  years.  To  this  extent  the  dredg- 
ing has  been  a  success,  and  the  benefits  so  far  secured  will  probably  more  than  repay 
the  expenditure,  if  the  West  Pass  does  not  fill  up  at  once  with  sand  on  the  first  ris**. 

ThA  rapid  filling  of  the  harbor  on  the  declining  river,  as  well  as  the  unexpectedly 
flat  slopes  assumed  by  the  sides  of  the  dredgetl  area,  making  it  evident  that  the  cost 
of  the  present  project  wcmld  be  very  materially  greater  than  contemplated,  and  tern 
porary  advantage  from  dredging  during  the  present  low- water  season  being  doubtful, 
it  was  recommended  to  the  Commissitui  that  the  present  contract  for  dredging  bt: 
allowed  to  expire  on  the  date  specified  therein  and  the  work  abandoned ;  which  rec- 
ommendation was  approved  so  far  as  to  terminate  the  contract. 

Early  in  September  a  survey  party  was  organized  by  Assistant  Engineer  Copp^e, 
and  in  accordance  with  the  resolutions  of  the  ComniiHsion  passed  in  June,  1883,  a  low- 
water  survey  of  the  area  a^iiacent  to  tliM  proposed  works  was  made.  The  results  of 
the  survey  are  stated  in  full  in  Mr.  Copp^e's  report  herewith. 

The  main  facts  thereby  shown  are  these : 

There  has  been  a  fill  within. the  area  covered  by  the  proposed  canal  and  baHn 
ranging  from  five  feet  to  twenty  feet  in  depth,  the  greatest  fill  being  near  the  river. 

This  fill  within  the  limits  of  the  proposed  canal  amounts  to  1,255,486.4  cubic  yards, 
or  the  amount  to  be  removed  has  been  increased  that  much  by  the  cause  mentioned 
in  the  past  year. 

The  river  has  been  thrown  over  against  the  bar  at  the  West  Entrance,  and  has  cut 
down  a  deep  tongue-shaped  trough  through  the  center  of  last  year's  bar,  cut  down 
its  crest  near  the  Mississippi  shore,  and  piled  up  a  barrier  with  a  nearly  horizontal 
crest  across  the  southwest  end  of  the  lake.  The  tendency  of  tho  river  is  to  cut  away 
Young's  Point  and  the  sand-bar  above  Delta,  and  make  its  bend  further  in  towards 
Vicksburg,  lengthening  its  radius  of  curvature.  This  change  will  necessitate  more 
extensive  revetment  of  banks  above  Delta  to  protect  the  work  already  done.  The 
amount  of  the  change  will  not  probably  materially  shorten  the  distance  from  Vicks- 
burg to  deep  water  for  many  years. 

Tne  increased  eddy  current  around  De  Soto  Island,  and  the  consequent  increased 
fill  in  the  harbor  of  Vioksburg,  results  directly  from  the  changes  at  Young's  Point. 
This  current  will  evidently  Increase  as  the  water  is  thrown  further  in  towaras  Vicks- 
burg, until  the  access  of  water  to  the  lake  is  entirely  cut  oft'  by  the  deposit.  The 
river  is  now  rapidly  developing  its  new  high-  water  shore-line  across  the  ends  of  the  lake. 

Soundings  made  in  May  revealed  at  that  time  an  average  fill  of  only  about  one  foot 
on  the  Vicksburg  fh>ut,  so  that  the  great  fill,  shown  by  Copp^e's  recent  survey,  took 
place  principally  on  the  decline  of  the  water  after  June  1.  This,  if  it  always  happens, 
18  a  very  important  fact  in  connection  with  further  dredging  operations  in  the  harbor. 
For  if  the  bulk  of  the  annual  fill  must  be  removed  each  year  after  June  1,  or  on  the 
decline  of  the  river,  which  is  always  rapid,  or  dnring  low  water,  the  project  to  main- 
tain continuous  navigation  by  annual  dredging  would  seem  impracticable,  for  the 
deposit  in  that  case  does  not  take  place  before  its  removal  is  necessary,  nor  can  it  be 
removed  much  before  the  rise  in  the  river  in  the  late  fall  restores  navigation.  The 
most  that  seems  practicable  by  dredging  alone  under  these  conditions  is  to  prolong 
the  season  of  navigation,  and  to  hasten  the  retnrn  each  year  of  the  steamers  to  the 
Upper  Landing. 

It  will  therefore  be  necessary  to  introduce  some  sconring  force,  as  the  Yazoo  River, 
or  to  effect  the  third  and  final  step  proposed  by  the  Board  of  Engineers  of  1877,  in 
order  that  a  current  outwards  may  hie  had  to  prevent  ingress  of  mud  and  to  keep  a 
channel  scoured  out. 

If  this  is  to  be  done  by  annual  appropriations  these  appropriations  most  be  saffl- 
cieut  to  allow  the  annual  fill  during  the  progress  of  the  work  to  be  removed— at 
present  rates  this  will  cost  over  |3%,000  per  annum — ^and  also  at  the  same  time,  to 
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AToid  this  reciirriniif  expense,   to  make  rapid  progress  on  the  main   work  itself 
t.  e.,  the  excavation  of  the  channel  for  the  Yazoo  from  Old  River  to  Centennial  Lake, 
and  from  Centennial  Lake  to  deep  water  in  the  river. 

In  the  estimates  prepared  hy  the  Board  of  Engineers  in  1877  the  cost  of  the  diver- 
sion of  the  Yazoo  via  the  dead  end  of  Ohl  River  is  placed  at$l,6(X),00<).  The  removal 
of  the  deposit  from  the  line  of  the  canal  is  estimated  (now)  to  cost  $7(i6,000,  with  a 
probahle  annual  expenditure  to  maintain  an  open  canal  of  ahout  $2U0,CO0,  or  say,  if 
the  work  be  done  simultaneously  and  at  once,  $2,600,000.  The  }iH!ie.Hs«Mi  valuation  of 
the  city  of  Vicksbnrg,  real  estate  only,  was  for  last  year  (1882)  $2,459,000.  The 
preBeut  steamboat  landing  is  about  4,800  feet  below  the  elevator.  Annual  value  of 
the  commerce  of  the  city,  about  $10,500,000. 

There  is  still  another  scheme  which  tinds  favor  in  Vioksburg — as  does,  indeed,  any 
plan  for  restoring  its  water  front — and  it  is  this,  that  sii>ce  the  river  has  now  deter- 
mined  that  Yicksburg  is  on  the  dead  end  of  the  cut  olf,  and  the  expense  of  damming 
off  the  Mississippi  mud  at  that  end  is  small  compared  with  the  expense  of  dredging 
out  the  deposit,  let  the  Yazoo  be  diverted  and  allowed  to  go  out  at  the  West  Pass  and 
a  boat  passage  be  dredged  from  the  city  front  to  the  deep  water  in  the  then  live  end 
of  the  lake.  This  would  reduce  the  probable  expense  about  one-third  and  allow  the 
diversion  of  the  Yazoo  to  be  made  with  advantage  to  the  city  prior  to  excavating  the 
necessary  basin  and  canal  from  deep  water  in  the  lake  along  the  city  front  to  deep 
water  in  the  river,  or  it  would  uiak<;  the  two  worksi  independent  of  each  other.  The 
disadvantages  of  placing  the  town  at  the  dead  end  of  the  eur*.>ff  are  evident,  but  the 
scheme  is  advantageous  from  the  above  considerations  and  from  the  further  fact  that 
it  is  not  opposed  t«»  the  canal  for  the  Yazoo  ultimately  along  the  city  front,  the  west 
entrance  requiring  only  to  be  stopped  for  one  low-water  season,  and  the  canal  in  front 
of  the  city  to  be  prosecuted  to  completion,  to  effect  this  end  as  proposed. 

If  this  scheme  were  execnred  it  would  be  advantageous  to  put  all  dredged  material 
along  the  ciest  of  tbe  mud-bar  and  across  the  line  of  the  proposed  canal  in  front  of 
the  town,  near  Ryan's  mill,  to  shut  ott'  ingress  of  muddy  water,  where  it  now  requires 
a  dam  from  16  to  24  feet  in  height  to  entirely  close  that  line  at  ordinary  high  water. 
The  west  arm  of  the  lake,  formed  by  the  cut-off,  is  gradually  shoaling  bebina  the  bar, 
and  here  aise  there  might  be  considerable  dredging  required  before  the  deposit  is  of 
safficieut  depth  to  allow  a  detined  channel  for  the  diverted  river,  or  rather  before  the 
new  banks  of  the  Yazoo  are  formed  by  the  contraction  due  t-o  the  slow  deposit. 

Every  scheme,  however,  having  in  view  the  diversion  of  the  Yazoo  or  the  execution 
of  a  canal,  involves  annual  dredging  to  maintain  the  proposed  works.  At  the  present 
moarh  of  the  Yazoo  this  past  low  water  there  was  only  four  feet  of  water.  Boats 
drawing  three  feet  struck  and  encountered  difficulty,  and  it  is  not  to  be  presumed 
that  it  will  be  deeper  at  the  proposed  mouth. 

The  training  of  the  Mississippi  by  deflecting  or  silting  dikes  and  revetments  above 
Delta  Point  and  at  Young's  Point  is  also  proposed  for  tbe  purpose  of  bringing  the 
river  farther  in  towards  the  town,  but  the  cost  and  result  of  such  works  are  still  more 
pToblemai  ical  and  less  adapted  to  close  esti'iiates;  the  works  would  be  tentative  and 
costly.  It  IS  practicable,  however,  to  maintain  the  river  where  it  is,  at  least  for  many 
years,  and  it  is  to  this  work  that  it  seems  advisable  to  direct  our  efforts  until  doubt 
as  to  the  sufficiency  of  the  works  for  that  end  is  removed. 

With  reference  to  the  further  prosecution  of  work  here,  then,  the  following  propo- 
sitions have  been  made,  and  are  ^iven  in  the  order  of  cost: 

Ist.  Abandon  the  **rest4)rat]on"  of  Vicksburg  Harbor  and  maintain  the  low-water 
laodin};  at  Kleinston,  4,H00  feet  below.  This  requires  constant  watching  and  care  of 
Delta  Point,  and  an  extension  of  the  revetment,  after  the  bar  above  hus  cut  away  as 
far  up  stream  as  the  head  of  the  caviug  in  this  bend.  All  other  projects  also  require 
this. 

2d.  Scrape  or  dredge  the  bar  at  West  Entrance  sufficiently  to  determine  the  line  of 
catting  down  due  to  tbe  efflax:,of  water  during  the  falling  stages,  to  allow  an  earlier 
return  of  vessels  to  the  Yicksburg  front.  This  will  require  also  dredging  in  the  basin 
and  canal  dredged  this  year  to  a  greater  or  less  extent,  as  it  tills  up.  No  estimate  can 
be  made,  but  it  will  probably  not  be  less  than  $30,000  per  annum  after  the  first  year. 
Temporary. 

3d.  Divert  the  Yazoo  into  Centennial  Lake,  and  allow  its  current  to  flow  out  at  West 
Pass,  and  keep  present,  canal  and  basin  dredged.  Approximate  cost,  $1,850,000,  first 
cost,  and  annual  dredging  in  canal,  basin,  and  West  Pass  to  maintain  it.  If  the 
high- wat«'r  discharge  ot  the  Yazoo  must  be  con  trolled,  this  estimate  will  be  increased. 
This  condition  womd  make  the  scheme  impracticable. 

4ih.  Divert  thu  Yazoo,  close  the  West  Pass,  and  dredge  c  inal  and  basin  in  front  of 
the  city.  Estimated  at  $2,600,000,  with  annual  dredging  at  mouth  of  oanal.  Same 
remark  concerning  high-water  control  of  the  Yazoo. 

The  condition  that  the  navigation  of  the  Yazoo  shall  not  be  interfered  with  by  the 
works  would  introduce  additioiud  difficulties  in  the  execution  of  any  scheme  involving  a 
diversion  of  the  Yazoo. 

H.  Ex.  37 27 
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The  cost  of  any  work  for  the  permanent  restoration  of  the  harbor  of  Vicksbarg  is  so 
great  in  comparison  with  the  value  of  the  general  commercial  interests  involved  that  I 
am  anable  to  make  any  recommendation  in  the  matter,  but  the  scheme  for  leaving  Vicks- 
barg at  the  dead  end  of  the  lake  seems  the  least  expensive  way  of  affording  even  partial 
relief  daring  declining  and  low-water  stages.  The  filling  in  rear  of  the  bar  at  the  West 
Entrance  wUl  soon  render  it  so  wide  and  of  sach  material  that  the  outflow  of  water  will 
&il  to  perform  the  work  noted  this  year.  The  cutting  out  there  during  the  past  low 
water  results  from  the  fact  that  the  bar  was  very  narrow  and  of  pure  sand,  without  any 
cohesion  whatever  between  its  particles.  When  mixed  with  mud,  like  the  material  in 
rear  of  the  bar,  this  cutting  will  be  very  much  reduced.  A  widening  of  the  crest  of  the 
bar  will  also  have  the  same  effect,  for  the  increased  friction  may  probably  even  convert 
the  bar  into  a  dam  before  the  force  of  the  outflow  on  the  decline  can  roll  the  sand  out  of 
the  way  or  cut  through  the  mud  deposits  in  rear. 

FINANCIAL  STATEMENT. 

Amount  allotted  for  dredging  in  Vicksburg  Harbor $100, 000  00 

Expended — 

For  contractor's  estimates $38,118  82 

For  services _ 5,698  32 

For  advertising 105  94 

For  ofiice  supplies 100  46 

For  miscellaneous 498  86 

Total  expenditures _ -_ 44,522  40 

Balance  available  November  1,  1883 55,  4T7  60 

CONSTRUCTION  AND  REPAIR  OP  THE  LEVEES  OF  THE  MISSISSIPPI  RIVER,  TENSAS  AND 

YAZOO   FRONTS. 

A  complete  list  of  the  levee  contracts  awarded  by  the  War  Department,  in  accordance 
with  the  recommendations  of  the  Board  of  Engineers  that  convened  at  Memphis,  Tenn. , 
September  4,  18S2,  was  published  in  the  annual  report  of  the  Mississippi  River  Commis- 
sion for  1882. 

As  the  contracts  were  dated  October  3  and  October  23,  1882,  the  contractors  had 
barely  commenced  operations  at  the  date  of  the  last  annual  report  of  the  commission, 
and  for  that  re^ison  the  entire  work  done  under  these  contracts,  and  under  the  last  ap- 
propriation, is  reported  in  this  report. 

In  the  latter  part  of  November  and  in  December,  greatly  increased  forces  were  placed 
upon  the  various  works  by  the  contractors,  who,  as  a  rule,  energetically  and,  considering 
the  short  time  during  which  work  could  be  done,  successfully  prosecuted  their  works, 
until  interrupted  by  the  flood  of  February  and  March,  1883. 

The  great  bulk  of  the  earthwork  had  at  that  time  been  put  in  place,  but  the  follow- 
ing-named levees  were  caught  in  an  incomplete  condition,  and  some  losses  were  en- 
countered : 

On  the  Tensas  front,  in  Arkansas,  the  Panther  Forest  levee  had  been  completed  except 
the  sodding,  and  a  large  part  of  this  also  was  in  place  when  it  yielded  to  the  pressure 
during  a  rain-storm  on  February  22,  and  during  the  flood  2  miles  of  the  4,  or  about 
85,000  cubic  yards,  washed  away.  The  amount  of  funds  a&signed  to  this  levee  was  in- 
sufficient to  build  it  of  sufficient  height  or  cross-section  to  withstand  the  pressure  of  the 
water  upon  the  material  composing  it.  This  was  a  very  light,  flne  silt  deposit  from  the 
river,  which  water,  in  its  unsettled  state,  soon  converted  into  a  semi-fluid  paste.  The 
levee  began  slonghing  at  rear  and  was  speedily  broken  through.  The  "retained  per- 
centiige^'  has  not  been  jmid  to  the  contractor.  The  levee  would  inevitably  have  been 
carried  away  whether  the  **  sodding,'*  which  really  is  only  a  planting  of  grass  sprouts  at 
considerable  intervals,  had  been  done  or  not.  The  contractor  was  a  planter  immediately 
behind  the  leve^,  who  took  the  contract  to  insure  its  timely  completion. 

In  Louisiana,  on  the  Tensas  front,  the  **  Wilton  to  Raleigh  "  levee,  the  largest  and 
most  important  work  of  the  kind  in  the  district,  was  caught  by  the  flood  in  an  incom- 
plete state.  Of  the  4  miles  of  the  line  nearly  2  miles  had  been  untouched.  The  work 
had  been  purposely  prosecuted  so  as  to  throw  this  incomplete  portion  of  the  levee  be- 
hind a  remnant  of  the  old  levee  some  1,200  to  1,800  feet  nearer  the  river,  in  order  that 
if  floods  threatened  wings  or  flanks  might  be  thrown  back  to  this  old  levee  as  a  curtain. 
Immediately  upon  the  occurrence  of  the  great  flood  in  the  Ohio  River  an  order  was 
issued  to  the  contractors  to  hasten  the  construction  of  these  works  of  protection,  which 
required  some  35,000  cubic  yards  of  earth,  to  complete.     The  upper  wing  was  completed 
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in  time  to  preserve  the  heavy  backshot  levee,  closing  the  ^'Alsatia''  crevasse;  bat  the 
lower,  closing  the  Edgwood  and  Illawara  crevasses,  was  carried  away  in  a  wind  and  rain 
storm  daring  the  night,  and  there  resulted  to  the  contractor  a  loss  of  about  32,600  cubic 
yaids  of  earthwork.  The  river  having  determined  a  new  channel  through  the  chute  of 
Island  97,  the  wing^,  proposed  last  winter  as  protection  works,  are  now  made  parts  of 
the  main  line,  the  old  levee  in  front  being  enlarged  and  used  also  as  part  of  the  main 
line. 

*^  Omega  to  Milliken^s  bend ''  levee,  Louisiana,  another  large  and  important  work,  was 
also  in  an  incomplete  condition,  and  the  saving  it  was  rendered  still  more  difficult  by 
the  fact  that  water  collected  behind  the  levee,  whic^,  with  the  river  pressing  in  front  of 
it,  ent  off  a  supply  of  material  with  which  to  raise  it.  Barges  were  sent  down  from  the 
works  at  Wilson's  Point,  and  by  strenuous  efforts  the  top  of  the  levee  was  kept  above 
water  by  material  transported  from  a  distance,  and  the  entire  work  saved.   . 

Also  at  '*  Delta  to  Bedford^s"  levee,  six  miles  in  length,  a  gap  of  1,100  feet  was  un- 
touched. Backwater  from  the  Diamond  Island  crevasses  shut  off  access  to  it,  and  the 
water  began  running  through  low  places  in  the  banks  in  front.  Here  a  line  of  protec- 
tion levee,  nearly  three  miles  long,  along  the  edge  of  the  river  bank  was  built,  which, 
as  soon  as  the  situation  allowed,  was  reduced  in  length  to  about  one- half  by  a  cross-levee 
to  the  main  work,  built  by  hired  labor.  This  long  line  several  times  gave  way  in 
places,  but  the  gaps  were  in  each  case  promptly  closed,  and  the  work  saved. 

On  the  Yazoo  front,  in  Mississippi,  the  flood  found  the  levees  in  such  condition  that 
all  were  entirely  safe,  except  the  Longwood,  Skipwith,  and  EUeslie  levees,  at  each  of 
which  protection  levees  were  built. 

That  at  Elleslie  gave  way  from  a  storm  dashing  waves  against  it,  and  the  water  broke 
through  theincomplete  main  line,  flooding  several  plantations  and  washing  out  2,600  cubic 
yards  of  earth  from  the  main  levee.  This  break  was  more  advantageous  than  otherwise  t» 
the  flooded  Ixuids.  The  banks  are  high,  and  the  water  on  the  first  decline  of  the  river  was 
soon  excluded  by  a  second  protection  levee  along  the  site  of  the  first. 

Appended  hereto  are  reports  of  Assistant  Engineer  H.  D.  Garden,  in  charge  of  the 
levees  on  the  Tensas  front  in  Louisiana,  and  of  Assistant  Engineer  George  M.  Helm,  in 
charge  of  the  Yazoo  levees  in  Mississippi,  which  give  in  condensed  form  information 
concerning  the  levees  built  in  the*district. 

As  the  latter  gentleman  has  been  chief  engineer  of  the  Mississippi  Levee  Board  for  the 
past  two  years,  and  has  had  much  experience  in  levee  construction,  he  was  requested  to 
give  in  his  report,  for  the  information  of  the  Commission,  a  statement  of  the  work  done 
by  the  levee  district  authorities  during  the  past  eighteen  months,  and  also  to  submit  the 
best  practice,  as  shown  by  his  experience,  in  stopping  crevasses,  building  heavy  levees 
on  unstable  foundations,  and  revetting  the  ends  of  breaks  to  prevent  enlargement^ 
Both  gentlemen  submit  estimates  for  raising  the  levees  in  their  charge  to  3  I'ect  above 
high -water  mark  of  1882. 

There  are  also  submitted  with  this  Report  tables  showing  earthwork  built  in  the  dis- 
trict to  March  1,  1883,  or  in  four  months  prior  to  the  flood,  and  the  condition  of  the  levee 
work  under  the  various  contracts  November  1,  1883,  the  date  of  this  report.  From  this 
latter  table  it  appears  that  there  has  been  built  in  aU,  including  the  small  amounts  re- 
tamed  in  last  annual  report: 

Cubic  yards. 

Tensas  front,  Arkansas ._.. __ 243,428.0 

Tensas  front,  Louisiana _ 1,001,734.0 

Yazoo  front,  Mississippi 1,193,281.1 

Total .-.  2,438,443.1 

and  that  there  remains  to  be  done — 

Cubic  yards. 

On  the  Tensas  front  in  Louisiana - 99,381.6 

On  the  Yazoo  front 14,627.0 


114,008.6 

It  is  expected  that  work  will  be  completed  and  contracts  closed  by  December  1,  1883. 

In  all  cases  the  grades  of  the  levees  have  been  restricted  to  the  grades  of  the  old  levees, 
except  at  Wilton  to  Raleigh  where  the  bank  was  exceptionally  low,  and  the  levee  of  very 
difficnlt  construction,  from  the  nature  of  the  material. 

Another  break  here  would  m*ake  it  still  more  difficult  and  costly  to  rebuild  the  levee, 
and  would  allow  enormous  quantities  of  water  to  escape  from  the  channel,  the  ill  effects 
of  which  on  navigation  are  now  seen  just  below  the  present  crevasse,  at  Foster's. 

For  these  reasons,  the  grade  as  established  for  tliis  levee  was  placed  at  about  18  inches 
higher  than  that  of  the  levees  immediately  above  and  below,  which  were  on  high  ground, 
and  the  levee  across  the  sandy  part  of  the  line  built  of  increased  dimensions. 
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FINANCIAL  STATEMENT. 


Tensas  fnmi, 

b  amount  allotted ^-. $323,840  ( 

To  amou  at  transferred  from  Yazoo  front 25, 000  ( 

fo  amount  redeposited  on  account  of  error  in  voucher  45 1  ( 


Total _ 348,841  ( 

Expended  prior  to  December  1,  1882:* 

Contractor's  estimates $28,888  06 

Services.- 2,616  05 

Instruments 1,319  35 

Subsistence 177  93 

Miscellaneous 637  20 


Expended  from  December  1,  1882,  to  November  1,  1883: 

Contractor's  estimates $239,531  20 

Services 10,372  11 

Services  on  protection  levees 4, 662  79 

Instruments 282  75 

Subsistence 135  69 

Office  supplies-- -. 357  42 

Miscellaneous  (including  bags  used  on  pro- 
tection levees)—.. 2,176  94 


$33,638  59 


257, 518  90 


Total  expenditures ..- 291,157 


Balance  available  November  1,  1883 57,683 

Yaz(to  front. 

To  amount  allotted $359, 05^ 

By  amount  transferred  to  Tensas  front -. ^^^^ 

Balance 334,  Off 

Expended  prior  to  December  1,  1882: 

Contractor's  estimates $28,435  49 

Services 1,511  00 

MisceUaneous 112  61                                   ' 


Expended  from  December  1,  1882,  to  November  1,  1883: 

Contractor's  estimates $266,749  89 

Services-. 12,504  33 

Services  on  protection  levees 1, 082  73 

Officesupplies 304  5# 

Instruments 170  60 

Miscellaneous  (including  bags  used  on  pro- 
tection levees) _- 2,965  17 


$30,059  10 


283,777  22 


Total  expenditures 

Balance  available  November  1,  1883 
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Tabular  statement  showing  amount  of  earthwork  constructed  on  levees,  third  district^  before  the 
flood  of  1833,  and  amount  constructed  since  (lien  to  November  1,  1883. 


Name  of  levee. 


TEK8A8   FBOirr. 


Delta  to  Bedford,  La 

Protection  levee  (approz.) 

Sparta  above  Duckport 

Milliken's  Bend  to  Cabin  Teele. 

Omejca  to  Milliken's  Bend 

Raleigh  to  Willow  Point.. 

Wilton  to  Raleigh 

Protection  levee 

Lake  Providence  Reach 

Protection  levee 

Duffin*8  Break,  Arkansas 

Panther  Forest.  Arkansas 


YAZOO  FRONT. 


Mairna  Vista  to  Chotard 

Shiloh  to  Tennessee 

Elleslie. 

Protection  levee .-... 

Skipwiths. 

Protection  levee 

Longwood 

Protection  levee 

Jenkins  to  Easton 

Rolands  to  Jenkins 

Clay  and  Baggots  to  Rolands.. 

Wade  Breaks... 

Hughes  Breaks , 

Beulah  to  Hughes 

Beuiah  enlargement 

Beulah  Breaks,  1  to  9..   .  ...  ... 

Riverton  Breaks 


H 


s 


Cubic  yard». 
243,903  8 


3     ..C 
WW  o 

S  o  4;  ^ 

£2*3  8 


39,156.9 
90,002.2 

199,059.2 
41,287.7 

387,941.8 


61, 162. 9 


80,246.0 
163,182.0 


CSMeyarda. 

182,739.0 
20,000.0 
39, 156. 9 
90,002.2 

156,032.6 
41,287.7 

225,495.0 

16,5?2.0 

61,162.9 

2,029.6 

80,240.0 

163,182.0 


1,305,942.0  I     1,077,905.9 


49,357.0 

67,299.1 

133,500.0 


71,660.0 


75,891.0 


58,631.0 

156,213.0 

103,298.0 

50,714.0 

22,882.0 

150,538.0 

66,836.0 

27,152.0 

151,663.0 


49,357.0 
67,299.1 

104,627.9 
2,796.0 
63,067.0 
8,500.0 
60,041.0 
15,978.0 
31,017,0 

155,149.0 
95,148.0 
50,112.0 
22,882.0 

139,797.0 
66,836.0 
27,152.0 

151,663.0 


1,185,634.1  I    1,106,422.0 


I* 
8" 


§8 

0  SO 


Cubic  yard*. 
61, 164. 3 


^ 


^2 


S 


=  8 


o 

a 

< 


Cubic  yards. 


43,026.6 


63,065.2 


167,256.1 


28,872.1 


8,598.0 
'i5,«56".*0 


20,270.0 

1,064.0 

867.0 

602.0 


10,741.0 


86,859.1 


99,381.6 


99,381.6 


7,844.0 


7,288.0 


14,627.0 


*  This  amoant  includes  .31,552  cubic  yards,  which  was  washed  away  during  flood  of  1883.  It  has 
not  yet  been  decided  by  the  Second  Oomptroller  of  the  Treasury  whether  this  quantity  will  have  to 
be  put  up  again  by  the  contractors,  at  their  expense,  or  paid  for  by  the  Gk>vemment. 

Owing  to  a  new  location  of  the  levee,  the  amount  of  13,302. 1  cubic  yarda  already  paid  for  was 
thrown  out  of  the  main  line  of  levee. 

The  actual  amaunt  in  this  levee  when  completed  will  be  313, 087. 7  cubic  yards. 

LEVKE  SURVEYS  THIRD   DISTRICT. 


Under  an  allotment  of  $1,000  made  by  the  Mississippi  River  Commission  at  their  meet- 
ing in  November,  1882,  a  party  was  organized  September  20, 1883,  by  Assistant  Engineer 
W.  L.  Starling  for  the  survey  and  location  of  levees  in  Arkansas  from  the  high  land  on 
the  east  side  of  Amos  Bayou,  7  miles  back  from  the  river  and  about  16  miles  above 
Arkan.sas  City,  to  the  Louisiana  State  line. 

The  field  work  of  this  survey  was  completed  November  1,  1883,  and  Assistant  Star- 
ling is  now  engaged  in  the  calculation  of  volumes  and  in  plotting  the  profiles  and  neces- 
sary new  locations  of  the  line  where  broken. 

In  accordance  with  the  request  of  the  president  of  the  commission  the  notes  of  the 
survey  from  Amos  Bayou  to  Arkansas  City  have  been  reduced,  and  the  line  from  Amos 
Bayou  to  the  river  plotted.     These  estimates  show  the  following  results: 

Cubic  yards. 

Necessary  to  build  and  repair  the  O*  Possum  Fork  levee  up  to  the  high- water 

mark  of  1882 , 351,325.0 

To  1  foot  above  high-water  mark  of  1882 _ 483,783.0 

To3feet  above  h^h-water  mark  of  1882 -. --  846,919.0 
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These  estimates  considerably  exceed  that  made  for  the  Board  of  Engineers  which  con- 
vened at  Memphis,  September  4,  1882,  but  have  been  deduced  from  careful  survey. 
More  than  one-half  the  water  that  escai>es  into  the  Tensas  Basin  flows  through  the  gaps 
above  Arkansas  City,  and  there  is  now  an  effort  being  made  by  the  State  of  Louisiana, 
corporations,  and  private  individuals  in  Arkansas  to  the  effect  closure  of  this  line,  and 
a  contract  for  the  work  has  been  made  by  them.  If  the  reduction  of  the  hotes  can 
be  made  in  time  the  results  of  the  survey  will  be  incorporated  in  this  report  before  finally 
submitted  to  Congress. 

FINANCIAL  STATEMENT. 

Amount  allotted • $1,000  00 

Expended: 

Instruments  and  outfit $51  75 

Services - 386  66 

Subsistence.- _ 35  50 

Miscellaneous.. 23  05 

496  96 

Balance  available  November  1, 1883 503  04 

SUBVEY  OF  CHOCTAW  BEND  BEACH. 

At  the  date  of  the  last  annual  report  of  the  commission  the  survey  party  under  As- 
sistant Engineer  William  T.  Blunt  was  in  the  field.  The  survey  was  begun  November 
17,  1882,  and  completed  and  the  party  returned  to  Wilson's  Point  December  30,  1882. 

The  survey  was  restricted  to  the  hydrography  proper,  the  shore  line  as  determined  by 
Assistant  Engineer  Ockerson  the  preceding  year  being  accepted,  except  whece  caving 
banks  render^  new  locations  of  shore  lines  necessary. 

The  survey  extended  from  Cook's  Point  to  Arkansas  City,  a  distance  of  28  miles.  The 
survey  shows  that  there  was  not  less  than  13  feet  of  water  at  a  stage  corresponding  to 
a  gauge  reading  of  zero  on  the  Arkansas  City  gauge,  or  that  there  existed  no  obstruction 
to  navigation  in  1882,  low-water  season. 

A  complete  project  for  the  improvement  of  the  reach  will  be  submitted  with  the  maps 
at  the  earliest  practicable  moment.  For  the  present  there  is  no  especial  demand  for  its 
improvement,  except  the  revetment  of  the  upper  and  lower  banks  of  Cook's  Point  neck, 
where  it  is  caving  and  a  cut-off  imminent.  This  requires  7  miles  of  revetment,  at  a 
probable  cost  of  $515,000,  if  carried  to  the  top  of  the  bank,  or  $210,000  if  restricted  to  a 
subaqueous  mat.  The  caving  is  now  back  to  the  cypress  swamps,  and  the  material  is,  as 
usual  in  slowly-tleposited  banks,  heavy  buckshot,  very  tough  and  difficult  to  cave.  The 
banks,  however,  are  wearing  quite  rapidly,  and  the  configuration  of  the  river  points  to  a 
cut-off.  The  neck  now  is  nearly  a  mile  wide,  but  low,  the  water  flowing  across  at  sev- 
eral feet  below  the  ordinary  high  water.  At  the  up-stream  side  of  the  neck  is  Persimmon 
hollow,  leading  into  Long  Lake,  which  occupies  the  middle  of  the  neck,  and  drains  out 
through  Cypress  Bayou,  on  the  lower  side  of  neck.  The  danger  lies  in  this  low  depres- 
sion, already  sufficiently  lowered  to  cause  quite  a  deep  channel-way  across  at  high  water, 
obstructed,  however,  by  a  thick  undergrowth  of  cypress,  willow,  and  cottonwood,  and 
accumulated  drift-wood. 

The  report  of  Assistant  Engineer  Blunt  is  herewith. 

FINANCIAL  STATEMENT. 

To  amount  allotted _ $4,000  00 

Expended: 

For  services _ $1,587  92 

For  subsistence 495  06 

For  tools  and  supplies 531  36 

Miscellaneous.. 65  52 

2,  679  86 

Balance  available  November  1, 1883 1,  320  14 


L  I. 


B^POBT  OF  ABTHUB  HIDES,  ASSISTANT  ENOINEEB,  UPON  OPEBATIONS  OF  THE   LAKE 

PEOVIDENCE  CONSTBUCTION  PAETY. 

Wilson's  Point,  La.,  November  15,  1883. 

Sib:  The  following  report  of  operations  of  the  Lake  Providence  construction  party 
from  December  1,  lgS2,  to  November  1,  1883,  is  respectfully  submitted. 

The  work  undertaken  in  accordance  with  your  instructions/  and  that  which  has  so 
far  been  executed,  has  had  in  view  the  following  objects: 
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The  narrowing  of  the  width  of  the  river  in  places  where  it  was  excessive,  to  bring  the 
regularized  channel  within  the  boundaries  fixed  in  accordance  with  the  original  project, 
bj  the  following  methods,  \iz: 

First.  The  closing  of  the  Duncansby  and  Skipwith  chutes  by  the  construction  of  a 
system  of  pile  dikes  at  and  near  the  head  of  the  Duncansby  chute.  The  filling  up  of 
the  steamboat  channel,  which  was  between  the  upper  and  the  lower  towheads,  by  the 
construction  of  a  pile  dike  joining  the  two  bars  and  the  concentration  by  this  means  of 
the  water  on  the  right  of  the  towheads,  so  as  to  permanently  fix  the  channel  next  the 
Louisiana  shore  and  prevent  the  further  caving  of  the  banks  in  the  Skipwith  chute. 

Second.  The  closing  of  the  Mayersville  chute  by  a  pile  dike  across  the  head,  and  others 
in  the  chute  further  down,  and  the  protection  of  the  channel  side  of  Mayersville  Island 
by  the  construction  of  willow  mattresses  and  revetting  the  front  face  of  the  island  to 
prevent  further  caving,  so  as  to  retain  the  channel  of  the  river  in  its  present  location. 

Third.  The  closing  and  silting  up  of  the  chute  between  the  Baleshed  Bar  and  the  Mis- 
sissippi shore,  and  the  prolongation  of  the  Baleshed  Bar  at  its  upper  and  lower  extremi- 
ties by  a  system  of  dikes  plac^  longitudinally  and  normal  to  the  direction  of  the  current, 
for  the  purpose  of  restricting  the  width  of  the  river  along  the  Vista  and  Longwood  fronts 
within  such  limits  as  would  afford  a  good  channel  at  all  stages  and  prevent  the  river 
crossing  to  the  Mississippi  side  into  the  Baleshed  Chute. 

Fourth.  The  closing  of  the  main  channel  of  the  river,  which  passed  between  the  foot  of 
Baleshed  Bar  and  the  head  of  Stack  Island,  and  bringing  it  back  to  the  right  of  Stack 
Island  by  a  system  of  deflecting  dikes  located  on  the  Louisiana  side  at  Elton  Bar,  and 
a  longitudinal  dike,  driven  across  the  channel  between  the  lower  end  of  Baleshed  Bar  and 
the  head  of  Stack  Island,  so  as  to  prevent  further  caving  on  the  Mississippi  shore  behind 
the  island,  which  had  already  done  a  great  deal  of  damage  and  was  increasing  at  an  alarm- 
ing rate. 

The  objects  sought  to  be  obtained  at  all  these  points  have,  to  a  great  extent,  already 
been  accomplished,  as  shown  by  comparative  soundings  and  surveys  furnished  by  the 
survey  party,  which  accompany  this  report. 

The  lack  of  stone  to  properly  secure  the  revetment  work  done  in  November  and  De- 
cember of  last  year  along  the  face  of  Mayersville  Island,  was  the  cause  of  the  caving  of 
the  bank  in  rear  of  the  mattress  work.  This  would,  no  doubt,  have  been  prevented  had 
material  been  available  to  properly  secure  the  work. 

DESCRIPTION  AND  EFFECTS  OF  WORK   DONE. 

Duncan^  chiUe. — During  last  season  a  system  of  low-water  dikes  was  constructed  at 
the  head  of  this  chute,  the  two  upper  dikes  and  the  main  dike  at  the  head  consisting  of 
two  rows  of  piling,  securely  braced.  The^  dikes  were  provided  with  light  brush  foot- 
mats,  loaded  with  stone,  laid  between  the  piling,  and  had  screens  or  open  hurdle  work 
placed  in  front  of  them. 

The  three  lower  dikes  across  the  chute  consisted  of  single  rows  of  piles  with  screens  or 
open  hurdle  work  in  front. 

All  these  dikes  did  good  service  and  caused  a  heavy  deposit  in  the  chute  during  the 
high  water;  in  many  places  the  fill  extended  to  the  top  of  the  piles. 

The  main  dikes  A  and  B  built  last  season,  connecting  the  upper  and  lower  towheads, 
accomplished  the  result  desired,  viz,  the  filling  up  of  the  steamboat  channel,  before  ex- 
isting between  the  upper  and  lower  towheads;  the  fill  here  also  extended  nearly  to  the 
top  of  the  piles.  The  two  bars  are  now  one,  and  even  at  high  water  there  is  no  channel 
between  them. 

There  has  been  a  general  enlargement  of  the  bars  in  front  of  Duncansby,  and  a  shoaling 
of  the  chute  along  its  whole  length.  At  low  water  this  season  a  skifi*  would  not  float 
between  Duncansby  and  Skipwith  Landing,  and  at  the  head  of  the  chute  the  bar  was 
entirely  above  water,  no  water  at  all  entering  the  chute  at  the  upper  end.  Skipwith 
Landing  was  moved  down  nearly  a  mile  nearer  the  mouth  of  the  chute  on  account  of 
shallow  water,  to  enable  steamboats  to  deliver  freight. 

On  account  of  the  rapid  caving  which  took  place  during  the  high  water  in  the  bend 
above  Pilcher*s  Point,  deflecting  the  main  current  across  the  river  immediately  above 
and  against  the  dikes  at  the  head  of  the  chute,  seriously  threatening  the  work  hereto- 
fore put  in,  and  together  with  the  rapid  caving  back  of  the  upper  Duncansby  tow  head, 
which  had  been  left  unprotected;  in  accordance  with  your  direction,  four  additional 
dikes,  Nos.  5,  6,  7,  and  8,  were  driven  during  the  high-water  stages  across  the  chute, 
extending  as  close  to  the  shore  as  the  depth  of  the  water  would  permit;  dike  No.  6  con- 
sisting of  three  rows  of  piles,  with  a  woven  mattress  130  feet  in  width,  made  in  sections 
of  from  100  to  200  feet,  overlapping  each  other,  sunk  in  rear  of  the  dike. 

The  two  lower  dikes,  Nos.  7  and  8,  were  provided  with  thick  grillage  mats  between 
the  piling.     These  dikes,  where  the  water  was  shallow,  consisted  of  two  rows  of  piling 
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securely  braced,  and  where  the  water  was  of  greater  depth  than  15  feet  of  three  rows. 
In  addition  to  these  precautions  a  protection  dike  with  a  woven  mat  100  feet  in  width, 
with  a  screen  hung  in  rear,  was  driven  immediately  in  front  of  the  caving  towhead,  and 
afterwards  a  mattress  placed  across  the  head,  lapping  around  the  towhead,  was  con- 
structed. On  the  inside  the  mattress  was  badly  broken  up  in  sinking  on  account  of  the 
bluff  bank.  This  work  failed  to  hold  the  towhead  and  has  been  swept  away.  The 
whole  force  of  the  river  at  high  water  was  against  the  head  of  the  towhead,  which  is  of 
sand.  The  dikes  put  in  withstood  the  high  water  and  show  a  fill  behind  them.  Craps 
were  washed  out  in  the  low-watercross-dikes  constructed  lastseason  where  they  joined  the 
main  dike,  and  also  in  those  further  down  in  the  chute ;  part  of  this  main  dike  was  alao 
scoured  out,  the  channel  at  low  water  being  in  close  proximity  to  the  remaining  part. 
The  piles  were  removed  so  as  to  leave  as  wide  a  channel  as  possible. 

The  effects  of  this  system  of  dikes  is  shown  in  plate  herewith,  in  which  the  surveys  of 
February,  1882,  and  October,  1883,  are  compared ;  the  bar  lines  are  shown  at  low- water 
stage,  viz,  1^.5  on  Lake  Providence  gauge.  For  location  of  dikes,  &a,  see  accompany- 
ing map. 

MayersviUe  Island  and  Chute. — During  last  season  a  woven  mattress  from  100  to  130  feet 
in  width  was  constructed  along  the  face  of  the  island,  beginning  at  the  head  and  extend- 
ing down  7,500  feet.  The  bank  was  graded  by  the  hydraulic  gr^ers,  and  the  upper  1,550 
feet  revetted  on  the  channel  side,  the  revetment  lapping  around  the  head  and  extending 
down  the  chute  side  about  350  feet.  The  revetment  was  constructed  by  placing  a  layer 
of  brush  along  the  slope,  which  was  held  in  position  by  stakes  driven  in  the  bank,  to 
which  stringers  or  binders  holding  the  brush  together  were  securely  fastened  with  wire. 

Behind  the  greater  part  of  the  mattress  the  slope  had  no  protection  at  all,  as  it  was- 
impossible  to  get  brush  and  stone  in  sufficient  quantities  to  finish  this  work  before  the 
high  water. 

The  effect  of  the  high  water  on  the  face  of  this  island,  which  had  before  been  caving 
rapidly,  was,  except  for  about  1,800  feet  at  the  head  where  the  revetment  had  been  par- 
tially covered  with  stone,  or  held  down  by  sacks  of  sand,  to  cave  the  bank  behind  the 
mattresses.  The  caving  has  extended  from  50  feet  at  the  upper  end,  to  500  feet  at  the 
lower  end,  back  of  where  the  original  mattress  was  sunk,  and  has  rendered  necessary 
the  construction  of  a  new  mattress  along  nearly  the  entire  length  of  the  face  of  the  island, 
which  is  now  in  progress.  The  cause  of  the  caving  back  of  the  island  was  undoubtedly 
from  the  &ct  of  not  having  sufficient  brush  to  complete  the  revetment,  and  stone  to  hold 
the  bank  protection  in  place,  as  the  island  itself  is  composed  nearly  altogether  of  sand. 

Had  it  been  possible  to  have  finished  the  revetment  and  covered  it  v^th  stone  behind 
the  mattress  work  as  it  progressed,  it  is  believed  that  further  caving  back  of  the  island 
would  have  been  prevented.  The  low-water  dike  built  across  the  head  of  Mayersville 
chute  has  remained  intact,  not  a  break  having  occurred.  The  dike  here  shows  good  re- 
sults by  the  shoaling  of  the  water  behind  it  and  the  enlargement  of  the  bar  at  the  mouth 
of  the  chute,  and  the  increase  in  size  of  the  towhead  near  the  head  of  the  island. 

Further  down,  the  chute  has  deepened  at  some  places,  and  in  order  to  prevent  further 
scouring,  in  accordance  with  your  instructions,  dike  No.  1,  consisting  of  five  rows  of 
piling  securely  braced,  was  driven  across  the  chute  opposite  Mayersville  Landing  to  aid 
the  main  dike  at  the  head  in  filling  up  the  chute.  Dikes  2,  3,  4,  and  5,  built  the  pre- 
vious season  in  the  chute,  were  only  partially  completed;  no  particular  effect  has  been 
observed  from  the  action  of  these  dikes;  they  are  located  too  far  down  to  aid  much  in 
filling  up  the  chute.  A  sketch  showing  the  condition  of  the  works,  November  1,  1883, 
in  this  locality  is  shown  in  map  herewith. 

Baleshed  Bar  and  Chute. — The  work  at  this  point  has  been  the  construction  of  a  main 
dike  extending  from  the  Mississippi  shore  below  the  front  of  Mayersville  down  the  river 
15,000  feet,  reinforced  by  a  system  of  cross-dikes  between  the  main  dike  and  the  shore. 
Dikes  1,2,  3,  4,  and  5  at  the  upper  end,  extending  to  the  Mississippi  shore,  the  parts  of 
dikes  4  and  5  nearest  the  bank,  as  well  as  p&Tt  of  10  and  11  and  the  whole  of  12  were 
constructed  as  low-water  dikes,  part  of  the  main  dike  between  cross-dikes  1  and  4  is 
also  a  low- water  dike.  These  dikes  were  built  previous  .to  December  1, 1882,  and  stood 
during  the  last  high  water  with  little  damage.  They  are  shown  on  the  sketch  by 
dotted  lines.  The  cross-dikes  from  1  to  7  have  thick  grillage  foot-mats  constructed  be- 
tween the  rows  of  piling,  held  in  place  by  rock,  or  the  mats  fastened  to  the  piling  by 
stringers  spiked  to  them  and  weighted,  and  held  in  place  temporarily  with  bags  filled 
with  sand,  until  a  supply'of  rock  can  be  obtained,  and  the  river  is  at  a  high  enough  stage 
to  allow  the  stone  to  be  floated  on  barges  to  the  dikes.  The  pile-driving  done  this  sea- 
son at  this  locality  was  during  the  high  water,  and  these  dikes  may  be  considered  as 
high-water  dikes.  The  upper  part  of  the  main  dike  has  been  wattled  from  cross-dike 
No.  1  to  the  Mississippi  shore  along  the  middle  row  of  piling  up  to  the  20-foot  stage; 
also  dike  1.  This  work  is  being  continued  down  from  the  head  of  the  system,  as  rapidly 
as  possible.     A  woven  mattress  from  40  to  100  feet  in  width  has  been  constructed  in 
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front  of  the  main  dike  from  No.  4  cross-dike  to  No.  11,  to  prevent  sooor.  The  dike 
when  not  provided  with  a  woven  mattress  in  front  will  have  a  thick  grillage  foot-mat 
oonstnicted  between  the  rows  of  piling,  which  is  now  being  done.  This  wUl  complete 
the  work  as  laid  ont  at  this  locality  in  accordance  with  your  instractions.  The  general 
effect  of  the  work  here  has  been — 

1st.  The  enlargement  of  tlie  Baleshed  Bar,  both  in  t-ize  and  height,  and  the  lengthen- 
ing of  the  bar  by  accretions,  both  at  its  head  and  at  the  foot. 

2d.  The  filling  up  of  the  Baleshed  Chute  at  its  upper  end,  and  the  enlargement  and 
deepening  of  the  channel  along  the  Vista  and  Longwood  fronts. 

3d.  The  prevention  of  the  threatened  crossing  of  the  river  between  the  foot  of  Mayers- 
ville  Island  and  the  head  of  the  Baleshed  Bar,  behind  the  bar,  and  down  the  Mississippi 
shore. 

4th.  The  filling  up  of  the  old  crossing  between  the  foot  of  the  bar  and  the  head  of 
Stack  Island.     For  location,  &c.,  of  this  work  see  accompanying  map. 

Stack  Island. — In  order  to  force  the  main  channel  of  the  river,  which  flowed  down  the 
Stack  Island  chute,  on  the  outside  and  along  the  face  of  the  island  between  it  and  the 
Elton  Bar,  a  main  dike  consisting  of  two  rows  of  piles  was  driven  from  a  point  below 
the  foot  of  Baleshed  Bar  to  the  head  of  Stack  Island,  leaving  the  low-water  channel  from 
Longwood  through  the  Stack  Island  chute  open  for  the  passage  of  boats.  This  dike  was 
driven  as  a  low- water  dike;  a  grillage  foot-mat  was  constructed  between  the  piles,  be- 
ginning at  the  head,  as  far  down  as  could  be  put  in  before  the  high  water  covered  the 
dike.  During  high  water  this  work  showed  good  results,  forcing  the  main  channel  of 
the  river  to  the  right  of  the  island  and  building  a  bar  to  the  head  of  Stack  Island,  as 
shown  by  the  high-water  survey  of  April,  1883.  As  the  river  fell  to  low-water  stage  the 
difference  of  slope  on  the  chute  side  and  the  main  river  was  so  great,  caused  by  the  sys- 
tem of  dikes  at  the  upper  end  of  Baleshed  preventing  the  water  from  freely  entering  the 
upper  end  of  the  chute,  as  to  render  the  current  extremely  rapid  through  this  dike,  re- 
salting  in  cutting  off  the  top  of  the  bar  in  front  of  the  dike,  and  finally  carrying  away 
part  of  the  dike  near  the  head  of  Stack  Island.  This  was  replaced  and  again  broken  by 
a  sunken  barge  lodging  against  it.  The  break  has  again  been  repaired  and  a  grillage 
foot-mat  sunk  between  the  rows  of  piling.  The  current  passing  across  the  head  of 
Stack  Island  will  be  materially  lessened  as  the  river  rises,  and  the  slope  on  both  sides  of 
the  island  is  more  nearly  equalized.  A  channel  across  the  head  of  Stack  Island  is  not 
anticipated,  as  at  high  water  the  works  on  Baleshed  Bar  above,  will  be  sufficient  to 
cause  the  bar  to  again  form  at  a  greater  height  than  before,  and  it  is  believed  entirely 
stop  any  water  passing  into  the  chute  at  this  point  at  next  low  water.  For  location  of 
dike- work  see  map  herewith. 

EUonBar. — The  work  here  consisted  in  the  construction  of  a  main  dike  and  six  short  cross 
dikes,  at  the  head  of  Elton  Bar  and  in  the  chute,  to  act  in  deflecting  the  channel  across  the 
river  toward  the  head  of  Stack  Island,  auxiliary  to  the  Stack  Island  main  dike,  and  to 
dose  the  chute,  which  was  rapidly  enlarging,  along  the  Louisiana  shore  and  caving  the 
banks  at  a  very  rapid  rate,  and  thus  concentrate  the  water  in  one  channel;  as  when  the 
works  were  put  in  it  was  difficult  to  determine  which  of  these  channels  the  river  would 
take,  behind  Stack  Island,  along  the  Louisiana  shore,  or  whether  it  could  be  concentrated 
between  Stack  Island  and  the  then  large  Elton  Bar.  Parts  of  these  dikes  were  carried 
away  by  drift  during  the  high  water,  but  not  before  they  had  accomplished  the  desired 
result.     For  location  of  these  dikes  see  map  herewith. 

METHODS  OF  CONSTEUCTION. 

Dike  work. — No  material  change  has  been  made  in  the  methods  employed  in  the  con- 
struction of  pile  dikes  fcom  those  of  last  season.  The  principal  change  has  been  in  mak- 
ing the  dikes  of  a  greater  number  of  rows  of  piles.  The  distance  between  the  rows  has 
been  increased  from  10  to  15  feet  in  deep  water  to  allow  of  more  secure  bracing  as  well  as 
the  thickness  and  width  of  the  brush  work  laid  at  the  foot  of  the  dikes  to  protect  them 
frx>m  the  actions  of  the  current  and  prevent  scour.  The  experience  of  last  season's  work 
showed  conclusively  that  the  strongest  form  of  construction  is  required  in  order  to  with- 
stand the  force  of  the  current  at  high  water,  and  h;is  led  to  putting  in  work  of  greater 
strength  where  exposed  to  the  action  of  drift. 

Pile  driving  and  bracing. — The  plan  pursued  in  building  pile  dikes  has  been  to  drive 
the  front  and  rear  rows  of  piles  simultaneously  when  it  could  be  done,  fasten  the  longi- 
tudinal stringers  to  the  piles,  and  complete  the  dike  by  putting  in  place  the  cross- 
braces.  In  all  cases  the  longitudinal  and  cross-braces,  in  addition  to  being  fastened  to 
the  piling  with  spikes,  have  been  well  wired  with  No.  8  wire  passed  around  the  pile  and 
across  the  brace  diagonally  from  the  upper  to  the  lower  edge,  and  made  taut  by  twist- 
ing.    This  was  rendered  necessary  on  account  of  the  material  used  tor  both  piles  and 
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braces,  which  is  almost  tntirely  cottonwood;  but  few  cypress  piles  have  been  used.  The 
piles  have  been  sank  as  deep  as  possible,  generally  from  15  to  20  feet;  depending  upon 
the  nature  of  the  bottom.  Two  forms  of  bracing  have  been  used,  as  shown  in  the 
sketches,  one  with  rods,  for  dikes  constructed  at  high-water  stage,  and  th«  other  for 
dikes  built  during  low  water.  These  are  the  same  methods  used,  in  accordance  with 
your  directions  for  last  season^s  work,  and  have  answered  the  purpose  well;  experience 
has  suggested  no  improvement  upon  them.  The  piles  have  been  sunk  by  the  use  of  a 
jet  of  water  forced  through  a  1  ^-inch  gas  pipe,  leading  down  the  side  of  the  pile,  and  by 
the  aid  of  quick  blows  from  a  hammer  of  2,000  pounds  falHng  through  a  distance  of  about 
6  feet. 

Two  forms  of  pile-drivers  have  been  in  operation,  one  with  the  leads  placed  in  front 
of  the  boat,  and  the  other  with  the  leads  on  the  side.  The  first  form  is  preferred  for 
general  use,  especially  for  cross-dikes  and  in  rapid  currents,  as  being  found  more  con- 
venient to  keep  in  position  and  handle,  and  for  this  reason  accomplishing  more  work. 
One  of  the  side-lead  drivers  has  been  in  operation,  and  has  done  fair  service.  These 
drivers  are  provided  with  large  boiler  capacity  and  pumps  capable  of  discharging  more 
water  under  a  greater  pressure.  Piles  can  be  sunk  deeper  with  these  than  with  the 
others,  but  the  difficulty  of  handling  them  in  cross-currents  reduces  their  efficiency. 

Between  15  and  20  feet  has  been  the  average  depth  of  penetration  obtained;  after 
reaching  that  depth,  if  further  sinking  is  not  stopped  by  gravel,  buckshot,  or  other  hard 
material,  the  frictional  resistance  exerted  by  the  sand  along  the  side  of  the  pile  generally 
prevents  further  penetration.  This  resistance  could  not  be  overcome  either  by  the  use 
of  the  water-jet  or  the  hammer,  or  both  combined,  as  the  wood  of  which  the  piles  are 
composed  will  not  withstand,  without  splitting,  the  shock  of  the  hammer  falling  from 
a  great  height.  The  usual  method  has  been  to  sink  the  piles  with  their  large  ends 
down ;  the  butts  are  cut  off  square,  and  are  about  18  inches  in  diameter,  the  small  ends 
not  less  than  10  inches  diameter,  and  the  length  of  the  piles  from  35  to  50  feet;  about  ten 
piles  is  counted  as  an  average  day's  work  for  one  driver  with  a  crew  of  seven  men,  con- 
sisting of  a  foreman,  engineer,  and  five  laborers.  No  special  improvement  in  the  meth- 
ods followed  in  pile  sinking  or  in  the  construction  of  drivers  has  suggested  itself.  They 
are  well  adapted  for  the  purposes  for  which  they  were  designed.  Four  different  kinds 
of  hoisting  engines  are  in  use,  each  of  which  has  an  advantage  in  some  particulars  over 
the  others;  on  the  whole  the  small  horizontal  engines  have  given  the  best  results,  being 
quicker  in  operation,  and,  next  to  the  ordinary  crab  in  use  on  four  of  the  drivers,  costing 
less  for  repairs  on  account  of  breakage. 

Brush  inatSj  hurdles^  d'c. — The  principal  dikes  have  been  protected  at  their  foot  to  pre- 
vent scouring  out,  by  constructing  mats  formed  of  two,  three,  or  four  layers  of  brash,  de- 
pending upon  the  importance  of  the  dike,  rapidity  of  current,  depth  of  water,  and  danger 
of  cutting  out.  These  layers  of  brush  are  placed  alternately  crosswise  and  parallel  with 
the  dike.  Stringers,  orwaling-pieces,  as  binders,  are  first  hung  from  the  piles  as  a  frame- 
work for  the  brush  to  be  laid  upon.  When  the- mat  is  of  sufficient  thickness  other  binders 
are  laid  on  top  of  the  mat  connected  with  those  underneath  by  wires  at  suitable  intervals, 
leading  up  from  the  under  stringer  pieces,  twisted  together  so  as  to  make  the  construction 
as  close  as  practicable.  The  brush  is  laid  so  as  to  extend  through  the  rows  of  piles,  re- 
quiring on  some  of  the  dikes  three  lengths  of  brush,  the  brush  ends  overlapping  the  butts. 
When  finished,  the  mat  extends  both  in  front  and  rear  of  the  dike  from  10  to  15  feet  out- 
side the  dike.  The  grillage  mats  thus  constructed  are  then  sunk  in  place  by  being  loaded 
with  rock  taken  to  the  dike  on  barges.  When  woven  mats  are  placed  in  front  of  dikes 
to  prevent  longitudinal  scour  they  have  been  built  similar  in  construction  to  the  large 
mattresses  used  for  the  protection  of  caving  banks,  and  sunk  in  place  by  being  loaded 
with  rock.  For  the  purpose  of  preventing  the  threatened  deepening  of  the  Duncansby 
chute  during  high  water,  a  brush  foot-mat  130  feet  in  width,  i^ade  in  sections  of  from 
100  to  200  feet  in  length,  was  woven  on  a  mattress  barge  in  rear  of  dike  6,  which  extends 
across  the  chute  near  the  head.  Alternate  sections  were  built  and  sunk.  The  interven- 
ing ones  were  then  constructed  so  that  when  in  position  on  the  bottom  they  overlapped 
the  sections  previously  built  about  10  feet,  thus  forming  a  continuous  brush  foot-mat  130 
feet  wide  immediately  in  rear  of  dike.  The  dike  itself  was  constructed  of  three  rows  ot 
piles  securely  braced.  In  order  to  insure  the  mats,  when  sunk,  being  close  to  the  dike 
a  strong  stringer  was  spiked  and  wired  across  the  ends  of  the  weaving  poles,  which  were 
allowed  to  extend  through  the  dike  beyond  the  rear  piles,  thus  forming  a  crib  around 
each  pile.  Before  sinking,  the  mats  were  covered  with  stone,  evenly  distributed,  the 
upper  side  of  the  mat  being  lowered  to  its  place  by  the  aid  of  lines  fastened  to  the  front 
row  of  piles,  which  were  slacked  as  the  mat  went  down,  so  as  to  keep  it  in  a  horizontal 
position.  The  only  curtain  construction  used  this  season  was  that  placed  in  rear  of  the 
protection  dike  built  in  front  of  the  upper  Duncansby  towhead.  This  was  of  the  usual 
form  of  woven  work,  built  so  as  to  allow  of  about  one-foot  spaces  between  the  brash.     It 
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sank  by  &steniiig  sacks  of  rock  to  the  curtain,  to  counteract  the  force  of  the  current 
and  hold  it  in  position. 

The  wattling  or  hurdling  has  been  made  close  by  forcing  the  pieces  of  brush  down  so 
SB  to  be  in  contact  with  each  other,  and  has  been  done  on  either  the  middle  or  front 
row  when  the  brush  mats  are  built  between  the  rows  of  piling  so  as  to  provide  against 
the  effect  of  the  overfall  cutting  out  the  sand  in  rear  of  the  dikes.  Sketches  giving  de- 
tails of  the  different  forms  of  construction  employed  in  the  dikes  built  and  their  location 
is  shown  on  map  herewith. 

The  following  statements  furnished  by  Asssistant  Engineer  C.  P.  Rnple,  gives  in  detail, 
in  tabulated  form,  the  work  done  in  dike  constraction;  also  an  estimated  cost  for  labor 
for  the  different  classes  of  work,  and  amount  of  material  required.  All  the  pile-driving 
done  ha»  been  under  his  charge,  and  since  June  1,  1882,  at  which  time  the  foot-mat 
party  under  Assistant  Eagineer  E.  D.  Thompson  was  consolidated  with  the  pile-driving 
force,  this  class  ef  work  also. 


8UUem?nt  showing  dike  work  from  December  1,  1882,  to  November  1,  1883. 


Location. 


Dike. 


!    >£  ?a6 

I      s  a  J, 


Duncansby I  Duncansbjr  Bar  proteo-  : 

lion.  I 

Do Main  dike  A 

Do No.l 

Do No.3 1 

Do !  No.5 

Do I  No.  6 ' 

Do No.  7  1 

Do I  No.  8 ; 

Mayersville Main  dike I 

Do I  No.l  

Baleahed„ I  Main  dike  above  1 

Do Main  dike  from  3  to  7..., 

Do Main  dike  from  7  to  11 

Do ;  No.l  ; 

Do ;  No.  2 1 

Do I  No.3 ! 

Do No.  4  of  1883 

Do ,  No.6ofl883 

Do I  No.  6  „ 

Do No.  7 

Do No.  8  

Do : !  No.9 

Do No.  10 

Do No.  11  

Do No.  12 

Stack  Island Main  dike 

Elton Main  dike 

Do No.l  

Do ;  No.  2 

Do No.3 

Do No.4  

Do !  No.6   

Do I  No.6 


1,097 
924 
894 
583 

5,250 
943 
746 
887 
975 
300 
484 
436 


id's 


340 
260 


100 

150 

545 



2,106 
2,061 
2,310 
2,300* 

275 

806 

1,091 

2,837 
6,905 

1,021 

9a3 

1.192 

1, 172 

661 

983 

1,462 

1,2W 

1.011 

469 
163 
160 
500 
150 

1,429 

867 

54 

63 


356 
40 


Totals. 


44,235 


6,432 


*  Three  hundred  feet  of  this  dike  is  incompleted. 

Of  the  above  dike  there  is  in — 

Single  row 

Double  row  

Three  rows , 

Four  rows 

Fiverowa -. 


2,336 

25,187 

14,150 

565 

1,997 


Total  44.285 
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SiaiemerU  showing  cost  of  different  items  of  work^  and  material  required  in  dike  construction. 

Amount  of  pay-roll _..     $89,771  07 

Subsistence 19,991  06 

109, 762  13 
Labor  loaned  other  parties,  with  subsistence 333  60 

109,  428  53 

Distributed  as  follows: 

1.  Pile  driving — driving,  bracing,  and  stringing $78,897  93 

2.  Brush  work — foot-mats,  wattling,  shore-mats,  screens,  &c.,  making  and 

sinking 30,530  60 

109,  428  53 


Number  linear  feet  dike  driven — all  kinds,  $50,667 — cost  $1.  557  per  linear  foot;  equiv- 
alent to  60,947  linear  feet  double  dike — cost,  $1,294  per  linear  foot 

Number  linear  feet  dike  driven — ^as  it  stands,  44,235— represents  a  tost  of  $1,783  per 
linear  foot;  equivalent  to  53,703  linear  feet  double  dike — represents  a  cost  of  $1,469  jier 
linear  foot. 

Number  linear  feet  dike  driven — washed  out — all  kinds,  6,432;  equivalent  to  7, 244  lin- 
ear feet  double  dike 

Total  number  of  piles  driven,  15,553;  average  cost  per  pile,  $3.45.. $53, 800  08 

Total  number  of  braces  put  on,  8, 230 ;  average  cost  per  brace  in  place,  $1 .  65  _ .  13, 579  50 
Total  number  of  stringers  hung,  4,517;  average  cost  per  stringer  in  place, 

$2.55 11,518  35 

78, 897  93 

Greatest  number  of  piles  driven  by  one  driver  in  one  day,  15  to  22  feet  of  water — 

45  feet  piles  used — depth  of  penetration  17  to  20  feet,  was 22 

Number  pile-drivers  in  commission  December  1,  1882 11 

Greatest  number  in  commission  at  anytime _.     16 

Average  number  drivers  per  each  day  in  commission 13 

Cost  per  100  square  feet  woven  foot-mat,  making  and  sinking,  60  feet  wide $1  32 

Cost  per  lOOsquare  feetwattling 2  00 

Cost  per  100  square  feet  foot-mat,  between  piling,  made  and  sunk,  from $1  50  to  1  95 

Cost  per  linear  foot  of  dike,  woven  foot-mat,  making  and  sinking,  130  feet  wide. .         1  65 
2  coils  wire  are  required  to  brace  and  string  100  feet  double  dike. 
1  cord  brush  makes  100  square  feet  foot-mat  between  piling. 
7-10  cord  brush  makes  100  square  feet  woven  foot-mat. 

From  the  above  statement  the  cost  of  a  linear  foot  of  dike,  consisting  of  two  rows  of 
piling  complete,  with  brush  work,  is  estimated  as  follows: 

Labor  cost  as  above: 

Pile  work  for  100  linear  feet _ _ $146  90 

Brush  work,  grillage  foot-mats.,  50  feet  wide 86  25 

Wattling,  10  feet  high _ 20  00 

Total  labor  cost _ _ $253  15 

Add  cost  of  material: 

26  piles,  at  $2.00 $52  00 

21  braces  and  stringers,  at  $.90 _ 18  90 

50  cords  brush,  at  $1.75 87  50 

30  cubic  yards  stone,  at  $2. 00 60  00 

Wire  and  spikes _ 27  60      246  00 

$499  15 
Add  estimated  cost  of  local  tow-boats  for  charter,  repairs,  wages,  and  sub- 
sistence, two-thirds  charged  to  dike  construction 40  46 

Total  estimated  cost  of  100  linear-feet  dike. -..       $539  61 

or  $5.40  per  linear  foot     This  will  be  increased  to  $6.72  if  a  woven  foot-mat,  100  feet 
wide,  is  placed  in  front  of  the  dike  in  addition  to  the  grillage  foot-mat.     For  a  dike  of 
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two  rows  of  piles,  with  a  130-feet  woven  foot-mat  in  rear,  and  grillage  mat  50  feet  wide 
between  the  piling,  the  cost  per  linear  foot  is  $7.05.  Allowing  for  contingencies,  such 
■A  increase  in  price  of  material  and  wages,  a  &ir  estimate  would  be  $6.00,  $7.40,  $7.75 
per  foot  for  each  class  respectively. 

BANK  PEOTECnON.  V 

Mattress  construction. — ^The  usual  form  of  mattress  construction  has  been  followed,  the 
willows,  from  2  to  3  inches  in  diameter  at  their  larger  ends,  and  from  30  to  50  feet  in  length, 
are  woven  on  large  cottonwood  poles  from  3  to  4^  inches  diameter  at  small  end,  placed 
about  8  feet  apart  on  ways  or  skids  erected  on  a  boat  for  that  purpose.  They  are  pushed 
down  the  ski(&  close  together  over  and  under  alternate  poles  forming  woven  work,  then 
brought  into  close  contact  by  driving  the  brush  together  with  heavy  wooden  mauls. 
Alongside  of  every  weaving  pole  or  alternate  poles,  determined  by  the  width  of  the  mat 
and  the  longitudinal  strength  required,  iron  rods  with  welded  eyes  at  each  end  are  placed 
as  the  mat  is  built;  the  ends  of  these  rods  are  connected  with  lap-rings  or  clevises. 
These  rods  are  to  give  the  necessary  longitudinal  strength  to  the  mat,  and  prevent  it 
breaking  asunder  while  being  sunk,  and  allow  it  to  adjust  itself  to  any  irregularities  on 
the  bottom.  The  mat  is  then  further  strengthened  by  binders  made  of  poles  placed  on 
top,  securely  fastened  to  the  mat  with  wire  to  the  weaving  poles. 

In  wide  mats,  and  where  the  current  is  swift  and  the  water  deep,  additional  longitu- 
dinal strength  has  been  obtained  by  the  use  of  No.  8  wire  twisted  in  the  form  of  a  cable, 
extending  on  top  of  the  mattress,  securely  fastened  at  intervals  by  wire  to  the  weaving 
poles.  Tlie  upper  end  of  the  mat  while  being  constructed  is  held  in  place  by  lines 
passed  under  a  mooring  barge  leading  to  fastenings  on  the  shore  above.  The  mooring 
Saif^e  is  placed  with  one  end  next  the  bank,  the  outer  end  being  kept  in  place  by  lines 
leading  to  suitable  fastenings  on  shore.  The  head  of  the  mat  is  held  up  by  small  lines 
passing  over  the  side  of  the  mooring  barge,  to  which  they  are  fastened,  which  are  slacked 
JM  the  head  is  sunk;  additional  lines  leading  from  the  mat  to  the  bank  are  placed  along 
the  mat  at  intervals,  so  connected  with  it  by  iron  clevises  as  easily  to  be  freed  after  the 
mattress  has  been  sunk  in  position. 

The  use  of  the  mooring  barge  is  to  prevent  drift  from  lodging  on  the  head  of  the  mat, 
and  to  keep  it  from  being  submerged  until  it  is  ready  to  be  sunk.  The  mats  have  been 
sunk  by  first  loading  the  edge  next  shore  along  the  slope,  with  rock,  and  afterwards  by 
throwing  rock  on  it,  beginning  at  a  suitable  distance  below  the  head  to  allow  the  mat 
to  reach  the  bottom  without  breaking.     The  Head  is  then  sunk  last. 

A  great  deal  of  trouble  and  some  loss  has  been  experienced  in  sinking  large  matresses. 
Experience  has  shown  that  in  deep  water  and  where  the  current  is  swift  the  mat  can 
lianily  be  made  too  strong,  and  should  not  be  of  a  greater  length  than  from  600  to  800 
feet,  as  the  frictional  resistance  offered  by  a  mattress  of,  say,  150  feet  in  width  of  this 
length  is  enormous,  and  renders  the  greatest  amount  of  care  and  precaution  necessary 
to  prevent  loss.  The  methods  employed  heretofore  in  sinking  large  mattresses  are  not 
entirely  satisfactory,  as  there  is  always  danger  of  their  loss  when  the  current  is  swift 
and  the  water  is  deep.  The  irregular  supply  of  stone  has  led  to  the  construction  of 
greater  lengths  than  otherwise  would  have  been  built,  in  order  to  keep  the  men  employed. 

Grading. — After  sinking  the  mattresses  in  place  the  bank  has  been  graded  by  the  hy- 
draulic graders  to  a  uniform  slope  of  from  2^  to  3  to  1,  ready  for  the  brush  revetment; 
but  little  hand-work  is  required  to  trim  up  the  bank,  except  where  it  is  of  sand.  The 
following  is  a  description  of  the  plant  and  how  operated,  furnished  by  Assistant  Engi- 
neer Henry  Steubing,  who  has  had  charge  of  the  grading: 

Description  of  Plant. — The  plant  consists  of  two  large  pumps  placed  on  barges  110  by 
30  feet,  6-foot  hold,  on  the  deck  of  which  are  the  machinery  and  boilers.  A  cabin  is 
«rectea  above  the  boilers  and  machinery,  which  contains  sleeping  room  for  30  men.  The 
machinery  of  No.  1  consists  of  a  double-acting  duplex  plunger  pump — that  is,  two  pumps 
which  are  so  constructed  that  the  plunger  of  one  pump  moves  the  steam  valve  of  the 
<»ther.  and  vice  versa.  On  No.  3  the  pumps  work  single.  Each  of  these  engines  is  com- 
pound. The  18-inch  initial  steam  cylinders  exhaust  into  an  auxiliary  steam  cylinder  of 
36  inches  diameter.  Out  of  this  thesteam  is  exhausted  into  a  condenser  by  an  air-pump, 
which  at  the  same  time  pumps  water  into  the  condenser.  The  water  is  heated  by  this 
condensed  steam  to  a  temperature  of  about  100^,  and,  passing  from  the  oonden.ser  into  a 
well,  is  used  to  supply  the  boiler.  The  stroke  of  the  main  pump  varies  according  to  the 
water  pressure  required,  the  maximum  is  24  inches.  The  plungers  are  16  inches  in  diame- 
ter. Besides  these  pumps,  which  are  required  for  the  grading  proper,  each  of  the  graders 
has  an  engine  for  hoisting  the  boom -pipe  and  stages;  also  a  steam  capstan.  The  hoisting 
engine  is  located  forward  of  the  main  pumps  between  the  legs  of  the  shears;  the  cap- 
stan is  placed  at  the  other  end  to  facilitate  the  handling  of  the  boat.  There  are  three 
fire-flae  boilers  on  each  grader  42  inches  diameter  and  22  feet  long.     On  No.  1  the 


430  REPORT   OP   THE   MI8SIP8IPPI    RIVER   COMMISSION. 

boilers  are  of  steel,  and  on  No.  3  of  iron,  both  of  60,000  T.  S.  They  were  tested  for  a 
steam  pressure  of  125  pounds.  They  are  supplemented  by  an  upright  auxiliary  boiler 
for  cleaning  and  pumping  up  main  boilers.  In  front  of  the  furnace  is  the  coal-box,  with 
storage  room  for  500  bushels  of  coal.  TIm  water  to  supply  each  of  the  main  pumps  is 
taken  from  a  well  in  the  bottom  of  the  boat  3  by  3  feet,  one  on  each  side,  through  a  12- 
inch  pipe.  The  bottom  of  Uie  well  is  covered  by  a  strainer  made  of  three-eighths-inch 
flange  iron.  This  strainer  has  2,500  holes  of  three-eighths-inch  diameter,  which  gives 
nearly  2k  times  the  area  of  the  suction  pipe.  The  water  is  discharged  through  two  12- 
inch  pipes,  one  from  each  pump,  into  the  main  pipe,  to  which  the  boom-pipe  is  con- 
nected, the  joints  so  arranged  where  the  pipes  come  together  as  to  allow  the  boom-pipe 
to  have  motion,  both  perpendicular  and  horizontal.  The  length  of  the  boom-pipe  is  65 
feet,  tapering  from  12  inches  to  8  inches,  and  consists  of  4  flanged  pieoss^  which  are 
bolted  together.  These  pieces  of  the  boom-pipe  are  lapwelded  tubes  screwed  into  cast- 
iron  flanges  and  bolted  through  flange  and  screw  end  of  tube.  The  whole  is  stiflTened  by 
two  hog-chains,  one  below  extending  along  the  whole  length,  the  upper  one  on  top  of  the 
two'smallest  pieces  to  which  is  attached  the  hoisting  rope.  The  hoisting  rope  is  1  inch- 
steel  wire  leading  over  a  pulley  on  top  of  the  shears,  thence  to  the  drum  of  the  hoisting 
engine.  The  shears  are  pine  timber,  54  feet  long,  12  by  12  inches,  the  heels  butting  in 
iron  shoes  on  deck  in  a  lino  with  the  hoisting  engine.  They  are  slightly  inclined  for- 
ward and  are  held  by  two  1^-inch  wire  rope  guys,  which  are  fastened  to  the  gunwales. 
The  pumps  have  a  capacity  to  discharge  2,000  gallons  a  minute,  nnder  a  pump  pressure 
of  160  pounds. 

Method  of  operating, — ^The  graddr  is  placed  in  position  with  one  end  next  the  bank,  and 
the  stage  and  boom-pipe  lowered  so  as  to  almost  rest  on  the  ground.  When  the  bank  is 
perpendicular  a  trench  is  first  cut  at  the  proper  slope  so  as  to  give  a  €ace  to  begin  grad- 
ing. When  a  steam  pressure  of  80  pounds,  giving  an  efficient  water  pressure  in  the 
pumps  of  140  i)ounds,  is  obtained,  the  work  of  grading  is  begun.  A  piece  of  2-inch  gas- 
pipe,  about  4  feet  long  and  pointed  at  one  end,  is  driven  into  the  ground  about  10  or  15 
feet  from  the  face,  and  a  little  above  the  middle  of  the  slope.  The  upper  end  of  this 
gas-pipe  is  allowed  to  remain  from  10  to  12  inches  above  the  ground ;  a  piece  of  iron  is  fitted 
into  the  top  of  this  pipe,  to  support  the  nozzle,  with  holes  on  each  side,  into  which  trun- 
nions on  the  nozzle  fit,  so  as  to  admit  of  motion  in  any  direction.  After  the  nozzle  has 
been  fastened  in  this  swivel  and  the  hose  connected  with  the  boom-pipe  at  one  of  the 
valves,  which  are  placed  at  intervals  along  the  pipe  for  this  purpose,  two  men  take  hold 
of  the  nozzle  by  means  of  a  lever,  which  is  fastened  to  it  by  clamps,  and  the  signal  is 
given  to  turn  on  the  water;  3  or  4  men  ar^  kept  ready  to  lighten  up  the  hose,  so  as  to 
enable  the  nozzle-men  to  point  the  nozzle  in  any  required  direction.  The  stream  issuing 
from  the  nozzle  is  directed  a^c&iust  the  bottom  of  the  face  to  undermine  it  to  a  depth  of 
from  6  to  12  inches,  and  in  doing  this  is  moved  along  the  whole  length  of  the  slope. 
The  earth  that  has  caved  through  this  undermining  is  then  washed  into  the  river.  The 
quickest  way  to  do  this  is  to  soak  the  whole  of  the  loose  material  first  and  then  direct 
the  stream  so  as  to  carry  this  saturated  material  into  the  river,  pushing  it  down  by  the 
force  of  the  stream.  In  undermining,  it  is  always  best  to  commence  at  the  bottom  and 
move  upward.  If  the  bank  -is  more  than  14  feet  high  2  nozzles  can  be  worked  with  ad- 
vantage. Where  one  nozzle  is  used  11  men  are  required,  while  for  two,  3  additional  men 
are  needed.  The  force  to  run  one  grader  requires  1  foreman,  2  engineers,  1  fireman,  1 
greaser,  2  nozzle-men,  and  4  laborers — total,  11  men.  With  2  nozzles  working,  15  men 
are  required.  A  1}  or  1|  inch  nozzle  is  then  put  very  near  the  top  of  the  slope,  and  under- 
mines the  upper  one-third  of  the  &ce,  while  the  2-inch  nozzle  does  the  same  with  the  lower 
two-thirds,  and  washes  all  of  the  caved  material  into  the  river.  After  the  bank  has  been 
caved  and  washed  down  as  far  as  from  30  to  35  feet  from  the  nozzle  this  is  moved  10-15  feet 
again.  In  doing  this  the  water  is  shut  off  from  the  hose,  and  is  wasted  through  one  of 
the  other  valves.  The  difference  in  the  quality  of  the  material  that  has  to  be  under- 
mined or  cut  into,  the  various  positions  in  which  the  different  strata  are  found  under- 
lying each  other,  height  of  bank,  &c. ,  requires,  besides  this  general  method  employed, 
various  modifications  in  special  cases  of  mani>ging  the  nozzle  that  can  hardly  be  de- 
scribed, and  only  learned  by  experience.  This  is  well  demonstrated  by  the  cost  of  grad- 
ing. 

While  grader  No.  1  was  at  Delta  Point,  opposite  Vicksburg,  in  November  and  Decem- 
ber of  1882,  the  cost  for  grading  for  the  first  two  weeks  was  9  cents,  from  November  20  to 
30,  6  cents.  In  December  No.  1  excavated  39,000  cubic  yards,  at  an  actual  cost  of  3} 
cents.  Grader  No.  3  had  in  the  mean  time  excavated  at  May ersville  Island  15,000  cubic 
yards,  at  a  cost  of  2  J  cents,  the  bank  consisting  entirely  of  sand,  while  at  Delta  it  was  to 
a  great  extent  intermixed  with  strata  of  hard  clay,  the  diflerent  strata  lying  in  unfavor- 
able position  for  rapid  work.  In  January,  1883,  Nos.  1  and  3  together  excavated  on 
May  ersville  Island  78,000  cubic  yards,  at  a  cost  of  3  J  cents,  or,  deducting  all  time  lost 
through  inclemency  of  the  weather,  &c.,  of  2.8  cents.     The  cost  of  grading  in  February 
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cannot  be  as  accurately  calculated,  as  the  grading  did  not  amount  to  much,  and  was  in- 
termptcd  and  delayed  through  stormy  weather  and  the  rising  river.  Work  was  stopped 
on  the  7th  of  February. 

Grading  again  began  September  26.  Serious  delays  have  been  caused  by  the  bursting 
of  the  hose.  Nearly  one-half  of  the  time  in  the  first  two  weeks  was  lost  on  this  account, 
making  it  nec^sary  to  constantly  stop  grading  and  change  hose.  The  hose  had  been  in 
use  the  previous  season.  Besides,  all  outside  labjprers  and  foremen  were  inexpHerienced, 
and  afber  most  of  this  trouble  had  been  overcome,  the  rubber  valves  in  the  main  pumps 
commenced  to  give  out,  and,  as  there  were  only  few  extra  ones  on  hand,  it  was  thought 
advisable  not  to  work  the  pumps  up  to  their  full  capacity.  The  work  consequently  pro- 
gressed comparatively  slowly.  In  September,  only  3,260  cubic  yards  were  excavated,  the 
cost  of  which  cannot  be  properly  calculated.  In  October,  in  the  first  ten  days,  of  ten 
working  hours  each,  11,395  cubic  yards  were  excavated  by  No.  1.  Since  October  11 
grader  No.  1  has  been  worked  both  day  and  night;  at  night  the  electric  light  has  been 
used,  which  had  been  put  up  in  January  last.  A  double  crew  was  put  on,  changing  every 
six  hours,  and  working  twenty  out  of  twenty-four  hours.  Twenty-five  thousand  eight 
hundred  cubic  yards  were  thus  excavated  from  October  11  to  October  20.  On  the  20th 
orders  were  received  to  work  three  crews  and  to  make  no  stoppage  for  meals.  In  the  one 
hundred  and  fifty-two  working  hours  from  October  20  to  29,  when  work  had  to  be  tem- 
porarily stopped,  25,111  cubic  yards  were  excavated,  making  a  total  of  62,306  cubic 
yards  excava^  in  the  month  of  October,  at  a  cost  of  3  cents  per  cubic  yard.  The  slope 
made  during  the  last  month  is  smoother  and  more  uniform  than  any  ever  made  before, 
and  requires  very  little  or,  in  some  places,  no  grading  even  by  shovels  to  make  it  ready 
for  revetment.  This,  I  think,  is  of  more  importance  than  to  do  more  excavating  with  a 
less  smoothly  worked  slope.  I  have  already  mentioned  that  the  usually  required  water 
pressure  is  140  pounds  for  one  nozzle,  while  for  two  nozzles  the  pressure  is  run  up  to  160 
pounds.  A  greater  pressure  cannot  be  used  very  well,  as  it  makes  it  difficult  and  dan- 
gerous for  the  nozzle-men,  besides  the  liability  of  bursting  hose.  By  daily  observations 
made  during  the  last  month  it  is  found  that  to  excavate  one  cubic  yard  of  earth  it  takes  a 
small  fraction  less  than  one  cubic  yard  of  water  under  a  pressure  of  140  pounds,  this  water 
pressure  being  attained  by  a  steam  pressure  of  80  pounds  and  a  vacuum  of  26^  inches. 
With  a  pressure  of  80  pounds  of  steam  it  takes  3  pounds  of  coal  per  cubic  yard  of  water 
thrown  or  earth  excavated.  In  comparing  this  hydraulic  grading  of  earth  with  hand 
work  by  use  of  shovels,  I  think  I  may  safely  assume  that  the  moving  by  shovel  would 
cost  30  cents  per  cubic  yard.  This  makes  a  difference  in  favor  of  the  hydraulic  moving 
of  27  cents.  Grader  No.  1  has  so  far  moved  about  165,000  cubic  yards,  and  caused  a  sav- 
ing, therefore,  of  nearly  $44,550,  or  over  one  and  one-half  times  the  original  cost.  I  am 
confident  that  another  month's  constant  running,  with  the  past  experience,  new  hose, 
new  valves,  &c. ,  the  cost  per  cubic  yard  can  be  greatly  reduced. 

Bonk  revetment. — ^Where  revetment  has  been  laid,  a  grillage  of  poles  is  first  placed 
along  the  slope;  on  this  grillage  the  brush  is  laid  perpendicular  to  the  direction  of  the 
current;  another  set  of  poles  is  laid  on  top  of  the  brush  over^hose  underneath,  to  which 
they  are  fastened  with  wire  to  hold  the  bru.sh  in  place.     The  poles  are  also  fastened 
with  wire  to  stakes  driven  in  the  slope,  and  the  revetment  covered  with  stone.     On  ac- 
count of  the  scarcity  of  stone  last  season  bags  of  sand  were  tried  for  the  purpose  of  keep- 
ing the  revetment  in  place,  but  they  failed  in  accomplishing  the  desired  result;  they 
were  easily  torn,  and  the  action  of  the  current  washed  out  the  sand,  rendering  them 
useless  for  the  object  intended.    The  following  tabulated  statement,  showing  the  amount 
of  work  accomplished  by  the  bank-protection  party,  and  its  condition  November  1, 1883, 
with  an  estimate  of  the  labor,  cost,  and  material  required  for  the  different  kinds  of  work, 
has  been  furnished  by  Assistant  Engineer  W.  M.  Childs,  who  has  had  charge  of  this  class 
of  work  from  the  beginning:  • 
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From  the  above  statement  an  estimate  is  made  of  the  cost  of  protecting  caving  hanks 
virith  a  woven  mattTess  150  feet  wide,  the  slope  graded  and  covered  with  a  brash  revet- 
ment held  in  place  with  stone,  as  follows: 

In  this  estimate  a  square  =  100  sqnare  feet. 

Labor  cost  for  100  linear  feet: 

160  squares  mattress,  at  $1.21 $181  50 

40  squares  grillage,  at  $1.61 64  40 

Graded,  at  55  cents .-  55  00 

60  squares  revetment,  at  $1.70 u 102  00 

Sinking  190  squares  mats,  at  18  cents _ ._ 34  20 

Covering  with  rock  60  squares  revetment,  at  50  cents 30  00 

467  10 
Add  cost  of— 

Material,  153.75  cords  brush,  at  $1.75 $269  06 

Sinkingmats,  72.2  yards  stone,  at  $20 144  40 

Covering  revetment,  30  yards  ston^,  at  $2 60  00 

12.5  cords  poles,  at  $2 25  00 

127.2  pounds  spikes,  at  5  cents 6  36 

222J  pounds  wire,  at  7  cents 15  54 

1,000  pounds  iron  rod,  at  5  cents 60  00 

Towing,  estimated  one-sixth  of  cost  of  tow-boat  service 83  32 

653  68 

Total  cost  of  100  linear  feet 1,120  78 

Or,  per  linear  foot,  $11.21. 

SUMMARY. 

Work  compUied  frum  December  1,  1882,  to  November  1,  1883,  and  in  good  condiHon. 

Ntimber  linear  feet  pile  dikes,  44,235. 

Number  linear  feet  woven  foot  mats,  11,945;  squares  of  100  square  feet,  9,386.1. 
Number  linear  feet  grillage,  24,341;  squares  of  100  square  feet,  9,586.2. 
Number  linear  feet  woven  mattresses,  6,210;  squares  of  100  square  feet,  9,734. 
Number  linear  feet  bank  revetment,  2,645;  squares  of  100  square  feet,  2,416.22. 

SURVEYS,  ETC. 

After  compledng  the  survey  and  maps  of  the  low- water  survey  of  October,  1882,  the 
party  under  Assistant  Engineer  Blunt  made  a  hydrographic  survey  of  the  Choctaw  Reach 
from  A  Caulk's  Point  to  A  Arkansas  City,  occupying  them  from  November  16  to  Decem- 
ber 31, 1€^,  the  party  returning  to  Wilson's  Point  on  the  latter  date. 

During  January,  1883,  maps  were  made  of  the  Choctaw  Reach  survey,  of  comparative 
soundings  at  Pildier's  Point,  and  soundings  tc^en  from  foot  of  Island  93  to  foot  of  Island 
94;  pile  dikes  were  located,  and  the  lines  of  regularized  river  marked  by  flags  on  range 
lines  on  Baleshed  Bar.  In  Februaiy  and  March,  soundings  for  comparison  were  taken  in 
various  parts  of  the  reach  near  Duncansby  and  Baleshed  Bare  and  Mayersville  Island, 
maps  of  which  were  made  and  are  on  record.  Caving  banks  were  resurveyed,  showing 
<^anges;  new  levees  located  from  Duncansby  to  Homochitto,  at  Elleslie,  iod  at  Shorts, 
«nd  a  general  preparation  made  in  office  and  field  for  a  high- water  survey.  A  variety  of 
map  work  was  done.  In  April  and  May  a  high-water  survey  was  made  from  Pilcher's 
Point  to  Range  100;  contour  and  section  maps  made.  Sections  for  comparison  were 
sounded  in  the  Duncansby  and  Baleshed  chutes,  and  similar  work  done  in  June,  July, 
and  August. 

Assistant  W.  T.  Blunt  resigned  May  16,  and  was  succeeded  by  Assistant  Hart  Vance, 
who  took  charge  May  17.  In  September  a  complete  low-water  survey  was  made  from 
Rimge  14  to  Range  107,  shore  lines  and  bars  resurveyed,  and  water  saifacea  determined 
for  luope  in  various  parts  of  the  reach. 

The  survey  was  concluded  in  October,  and  maps  made  of  same,  and  also  in  reduced 
scale  for  annual  reports.  This  survey  shows  Duncansby,  Mayersville,  Baleshed,  and 
Stack  Island  chutes  closed  at  low  water,  and  a  channel  of  not  less  than  10  feet  at  1.5 
on  the  Lake  Providence  gauge  through  the  reach  from  Ashton  to  Point  Lookout. 

The  lowest  gauge  reading  for  the  year  was  4.45  (L.  P.  gauge),  October  5,  so  that  at 
the  period  of  lowest  water  during  this  year  there  was  a  ch^inel  of  not  less  than  fifteen 
feel  in  that  part  of  the  river  covered  by  the  survey.  The  maps  accompanying  antii^ftl 
jreport  show  all  dike  and  mat  work  constructed  since  the  beginning  of  the  work  and 
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standing  October  31 ;  also  the  sand-bais  appearing  at  the  time  of  the  September  survey^ 
and  the  same  bars  as  they  would  have  appeared  in  December,  1881,  before  the  constrac- 
tion  work  commenced,  had  the  river  been  at  the  same  stage  the  September,  1883,  sut- 
vey  was  made.  The  Louisiana  shore  line  at  Pilcher's  Point  has  caved  back  200  yard» 
since  low-water  survey  of  1882.  The  maps  of  comparative  sections  were  taken  from 
surveys  of  February,  1882,  and  September,  1883,  and  show  nearly  the  total  change  ia 
the  channel  since  the  beginning  of  dike  construction,  as  but  little  was  done  previous  to 
February,  1882.  Regular  ten-day-progress  sketches  of  construction  work  were  furnished 
up  to  July  1,  except  while  the  party  was  engaged  on  the  Choctaw  Reach.  Since  that 
date  they  have  been  made  once  a  month.  All  soundings  were  located  either  by  transit 
or  sextant  in  regular  surveys;  shore  lines  and  bars,  by  stadia  lines  checking  upon  trian- 
gulation  stations.  In  September  gauges  reading  the  same  as  the  Lake  Providence  gauge 
were  set  at  Lake  Providence  and  Baleshed  dikes,  Wilson's  Point,  and  Sarah's  Island,  to- 
determine  slope.  Of  these,  the  ones  at  Baleshed,  Lake  Providence,  and  Wilson's  Point 
have  been  read  twice  daily;  a  gauge  has  been  maintained  at  the  quarter-boat  the  entire^ 
year,  readings  being  taken  at  7  a.  m.  and  6  p.  m. 

Feet- 
Lowest  gauge  reading  Octobers,  1883 4. 4S. 

Highest  gauge  reading  July  6,  1883... 35.  30 

Oscillation  of  river 30.  8S 

Summary  of  iwrk  done  by  the  survey  party. 


Chootaw 
ReAch. 


General  surveys 

Number  of  soundings 

Banges  located 

Shore  lines  located miles... 

Slope  observations 

Triangular  stations  built. 


Triangular  stations  located.. 

Speciai  surreys... 

LrfMigitudinal  soundings „ 

Levels  run. miles. 

Itapemade 


1 
2,088 
78 
25 
10 
86 
80 


Lake  Provi 
dence  Reach. 


2 
13,235 


25 
16 
17 
12 
13 
148 
25 


Totals. 


15,27S 
78: 
50- 
26. 
58: 
42 

la 

14» 

5T 
4T 


This  party  was  under  the  charge  of  Assistant  Engineer  W.  T.  Blunt  until  May  13, 
1883,  and  firom  that  time  until  November  1,  under  that  of  Assistant  Engineer  Hart 
Yance.  The  above  report  of  the  work  done,  and  the  tracings  accompanying  this  report, 
have  been  furnished  by  Assistant  Engineer  E.  D.  Thompson,  who  is  at  present  in  clmrge 
of  the  party. 


The  following  is  a  list  of  boats  and  barges,  &c.,  on  reach  November  1, 1883:  19  quar- 
ter-boats; 1  boat  used  as  nmchine  and  repair  shop;  1  tow-boat  (Vidalia);  3  tow-boat» 
(chartered);  1  steam-launch  (Nellie);  1  snag-boat  (O.  G.  Wagner);  2  hydraulic  graders^ 
1  derrick-boat;  9  large  mattress-boats;  4  small  mattress-boats;  21  pile-drivers;  5  coal- 
baiges  (decked);  46  decked  barges  (brush  and  stone) ;  1  catamaran;  9  coal-barges  (open);-, 
rooal-boat;  10  small  flats  for  pile-driving;  60  skifi^;  195  pieces  in  all. 

Five  of  tiiese  quarter-boats  were  built  here  on  the  hulls  of  coal-barges,  one  coal-barg& 
decked  and  one  cut  down  to  serve  as  a  mooring-barge.  The  rakes  and  sides  of  35  barges. 
and  5  pile-drivers  have  been  caulked,  changes  and  repairs  made  to  pile-drivers,  and  the- 
general  repairs  incident  to  so  large  ao^ount  of  floating  property,  kept  up.  Tlie  plant  i» 
generally  in  good  condition  except  some  of  the  coal-boats,  which  are  worthless.  Ther 
bottoms  of  some  of  the  barges  will  need  caulking  next  season. 

The  average  cost  of  subswting  the  employee  for  each  days'  labor  secured,  has  been* 
42.2  cents,  including  cost  of  ice  during  the  warm  months.  The  number  of  days'  service- 
obtained  each  month  has  been  as  follows: 


December,  1882 14,077 

January,  1883 19,008 

February,  1883 10, 826 

March,  1883 6,7a5 


April,  1883 8,565 

May,  1883 9,721 

June,  1883 13,017 

July,  188:^ 13,296 


August,  1883 14,  54r 

September,  1883 . .  _  12, 2:J4 
October,  1883 14.841 


436  REPORT   OF   THE   MISSISSIPPI   RIVER   C0MMIS8I0X. 

GENERAL  REMABK8. 

The  general  effect  of  the  work  done  has  been  such  as  to  give  a  better  channel  through 
t>he  crossings  which  heretofore  at  low  water  have  been  sho^.  At  the  lowest  water  this 
year,  4.45  feet  on  the  Lake  Providence  gauge,  there  was  a  good  15-foot  steamboat  chan- 
nel through  the  entire  length  of  the  reach,  as  shown  by  the  October  survey.  Difficulties 
liave  been  encountered  in  pushing  the  work  during  the  months  of  August,  September, 
3nd  October,  principally  on  account  of  lack  of  labor  and  sickness  among  the  men,  caused 
by  the  malaria  incident  to  this  climate.  Neither  sufficient  material  could  be  obtained 
irom  the  the  contractors,  nor  labor  to  have  used  it  had  material  been  supplied.  During 
"these  months  but  little  progress  can  be  made,  reducing  the  time  when  work  can  be  done, 
>80  as  to  take  advantage  of  the  low- water  season,  to,  say  about  three  months  from  the 
middle  of  October  to  the  middle  of  January.  White  laborers  in  August,  September,  and 
until  about  the  middle  of  October  get  sick  soon  afler  their  arrival  and  become  inefficient; 
^he  colored  labor  prefer  cotton-picking  and  leave  the  work  about  this  time.  The  labor 
<luestion  during  these  months  is  a  serious  one,  and  together  with  the  difficulty  of  obtain- 
ing sufficient  material,  brush  and  stone,  on  account  of  its  bulk  and  the  distance  it  has 
■to  be  transported,  will  always  be  serious  drawbacks  to  the  rapid  prosecution  of  the  work 
when  the  condition  of  the  river  is  the  most  £Avorable  to  work  to  the  best  advantage, 
-which  is  generally  at  this  season  of  the  year.  To  the  assistant  engineers  in  charge  of 
4;he  construction  parties  and  those  engaged  under  them  credit  is  due  for  the  interest  dis- 
played, the  ability  shown  in  pushing  their  work,  often  under  un&vorable  conditions, 
And  to  their  untiring  efforts  in  this  direction,  in  a  great  measure,  is  due  whatever  success 
lias  been  attained.  The  assistant  engineers  in  charge  of  the  surveys  have  also  kept  their 
-work  well  up,  as  evidenced  by  the  surveys  made  and  maps  furnished.  To  all  the  em- 
ploy^ I  feel  under  obligations  for  their  hearty  support  in  carrying  on  the  work. 

Very  respectfully, 

ARTHUR  HIDER, 
AesistatU  Engineer  in  Charge. 
Capt.  W.  L.  Marshall, 

CknT^  of  Engineers,  U,  8,  A, 

L  2. 

mKPOBT  OF   J.   S.  TURTLE,    ASSISTANT    ENGINEER,    UPON   OPERATIONS    AT   PILCHKR'S 

POINT. 

PiLCHER's  Point,  La.,  Novembers,  1883. 

Captain:  In  compliance  with  your  orders  of  September  21,  I  have  the  honor  to  sub- 
mit herewith  the  following  report  of  operations  of  the  improvement  of  the  Mississippi 
Kiver  at  Pilcher's  Point,  from  May  17  to  October  31,  1883: 

This  work  was  originally  assigned  to  Assistant-Engineer  J.  E.  Willard,  who,  under 
joor  instructions,  reached  Pilcher's  Point  on  May  17,  and  with  a  small  labor  force, 
four  carpenters  and  blacksmith,  commenced  the  erection  of  such  buildings  and  making 
«uch  preparations  as  were  necessary  for  the  beginning  and  completion  of  this  work. 

The  buildings  erected  are  as  follows:  1  office  and  sleeping  apartment  for  assistant  en- 
.i;gineer  and  clerks,  1  kitchen  and  dining-room,  1  commissary,  1  store-ioom,  1  stable,  1 
blacksmith  flhopL 

Besides  the  above  carpenter  work,  there  was  constructed  in  the  early' part  of  the  sea- 
iBon  one  mattress  head,  163  by  20  feet,  which  will  be  hereafter  described,  and  ventilators 
"Were  pat  on  three  quarter-boats.  While  the  above  work  was  in  progress  the  labor  force 
«was  employed  in  cutting  timber  from  caving  bank,  and  cutting  poles  for  mattress. 

Owing  to  the  scarcity  of  labor,  the  force,  which  consisted  of  20  men,  could  not  be  ma- 
iierially  increased,  and  it  was  August  13  when  the  necessary  preparations  were  made  for 
i;he  construction  of  mattress.  On  that  date  a  mat  was  begun.  As  there  was  no  tow-boat 
4t  this  time  secured  for  this  work,  and  as  the  sickly  season  was  approaching,  with  a 
probable  shortage  of  material  on  part  of  the  contractors,  on  August  16  you  issued  orders 
that  there  should  be  no  farther  steps  taken  to  increase  the  force. 

Mattress  construction  was  continued  without  any  material  change  in  the  force  until 
September  15,  when  orders  were  received  to  increase  the  force  as  rapidly  as  possible. 

Assistant  Engineer  J.  E.  Willard  resigned  on  August  31,  and  I  was  placed  in  charge; 
liaving  reported  for  duty  on  August  27. 

From  September  15  every  available  step  was  taken  to  increase  the  force,  but  owing  to 
the  continued  warm  weather  there  was  a  marked  scarcity  of  labor  until  the  early  part 
©f  October.     On  October  3  a  brush  party  was  started  on  Sarah^s  Island,  opposite  Ashton, 
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with  a  force  of  thirty-one  laborers;  which  force  was  Increased  aa  much  as  conld  be  done 
without  any  detriment  to  the  construction  of  mattress. 

The  brush  party  is  at  present  making  good  progress,  and,  with  the  addition  of  the  tram- 
cars  now  ordered,  will  supply  the  three  mattress-boats  at  this  place.  The  shortest  haul 
of  the  brush  is  one  mile,  and  I  think  there  can  be  secured  from  Sarah's  Island  8.00O 
cords  of  choice  brush. 

DESCBIPTION  OP  WOBK. 

The  mattresses  are  constructed  in  the  usual  way,  upon  ways  built  on  mattress-barges, 
launches  being  made  when  the  ways  are  full,  by  means  of  lines  and  captains;  the  mate- 
rial employed  being  poles,  longitudinal  and  transverse,  willow  brush,  spikes,  wire,  andL 
iron  rods  which  run  longitudinally  through  the  mattress.  These  rods  are  fastened  to- 
gether by  means  of  lap-links,  and  fastened  to  the  weaving-poles  by  means  of  staples;  at^ 
every  hundred  feet  they  are  fastened  to  the  mat  by  wire,  the  connection  of  the  rods  be- 
ing continuous. 

The  brush  is  hauled  by  mules,  on  cars  properly  adapted  for  the  purpose.  These  cars 
are  four  feet  gauge,  and  run  on  a  track  made  of  wooden  rails,  iron  rails  being  employed 
in  the  curves. 

On  October  16,  the  first  mat  at  this  place  was  successfully  sunk,  and  two  others  com- 
menced; one  at  the  head  of  caving  bank,  the  other  overlapping  the  one  sunk.  The  loca- 
tion of  these  mats  is  shown  on  tracings  accompanying  this  report.  At  this  date  there 
are  under  construction  two  mattresses,  one  150  feet  in  width,  the  other  182  feet  in  width. 
Each  of  these  is  making  good  progress,  and  is  being  pushed  as  rapidly  as  possible.  The 
amount  of  mat  made  now  per  day  is  nearly  double  that  made  ten  days  ago,  without  any 
change  in  the  force  employed.  This  is  due  to  the  fact  that  when  laborers  come  here  the 
work  is  entirely  new  to  them. 

There  is  in  readiness  a  third  mattress  barge,  which  will  be  put  in  use  as  soon  as  the 
supply  of  brush  can  be  increased.  One  of  the  mattress  boats  is  supplied  with  poles  hyr 
hired  labor,  the  other  is  furnished  by  a  contractor. 

The  mattress  head  employed  and  intended  to  be  used  instead  of  a  mooring-baige 
proved  a  perfect  success;  a  drawing  of  this  mattress  head  is  submitted  with  this  report. 
This  mattress  head  consists  of  two  chords,  20  feet  apart,  with  a  series  of  cross  and  diag- 
onal bracing,  and  a  hog-chain,  as  shown  in  drawing. 

The  up-stream  chord  is  12  inches  in  width  by  30  inches  in  depth ;  the  lower  one  13 
inches  in  width  by  19  inches  in  depth;  these  chords  areonehundred  and  sixty-three  fee^ 
in  length,  and  have  a  camber  of  6  inches;  they  are  constructed  of  pine  plank.  During^ 
the  construction  of  the  mattress  it  is  by  lines  anchored  to  the  mattress  head.  During^ 
the  sinking,  the  mattress  head  is  sunk  with  the  mat,  and  by  means  of  a  lever  and  trip& 
the  mattress  head  is  released  from  the  mat  and  again  used.  The  method  employed  in 
sinking  and  releasing  the  mattress  head  is  as  follows:  The  mat  to  which  it  was  attached 
was  1,228  feet  in  length  by  152  feet  in  width.  The  sinking  of  the  mat  was  commenced 
near  the  center  and  the  mat  loaded  with  stone  both  ways;  in  this  way  the  entire  mat^ 
was  gone  over  and  sunk  to  a  depth  varying  from  10  feet  to  35  feet. 

Two  barges  were  then  lashed  together  side  by  side,  and  about  8  feet  apart,  and  placed 
about  50  feet  from  mattress  head ;  and  this  portion  of  the  mat  loaded  for  the  second 
time.  These  barges  were  by  means  of  lines  puiled  up  stream  and  toward  the  mattress; 
head,  the  stone  being  thrown  from  each  barge  on  the  up  and  down  stream  sides.  Thi» 
loading  caused  the  mattress  head  to  sink  rapidly.  Previous  to  this  second  loading  or 
the  mattress,  the  depth  of  water  at  outer  end  of  mattress  head  was  carefully  taken,, 
a  sounding  line  was  made  fast  to  lower  chord  of  mattress  head  and  held  by  a  mai» 
in  a  skiff,  the  object  of  this  was  to  know  how  rapidly  the  mattress  head  was  sinking. 
When  it  had  sunk  to  }  of  the  entire  depth,  ten  men  who  were  ready  to  haul  on  a  line 
made  fast  to  ring  at  upper  end  of  lever  were  ordered  to  pull.  The  mattress  head  was> 
at  once  released,  and  the  head  of  the  mat  being  relieved  of  its  buoyancy  sank  rapidly  to» 
the  bottom. 

The  snag-boat  Wagner  reported  for  duty  on  September  21,  and  has  been  employed  ia 
palling  snags  from  this  bend;  she  was  employed  7  days  pulling  piles  from  dike  at  head 
of  Duncansby  chute,  and  has  lost  5}t  days  in  making  repairs. 

Towboat  Pearl  reported  for  duty  September  22,  and  has,  with  the  exception  of  a  few 
days,  been  constantly  employed. 

SUMMARY  OP  WORK  DONE.. 

Built:  One  office  and  sleeping-room,  28  by  22  feet;  1  kitchen  and  dining-room,  30  bjr 
18  feet;  1  commissary,  32  by  20  feet;  1  warehouse,  32  by  20  feet;  1  stable,  20  by  15  feet; 
1  blacksmith  shop,  14  by  16  feet;  1  mattress  head. 

Ventilators  placed  on  3  quarter-boats. 
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Roofs  of  4  quarter-boats  painted. 

Mattress  constnicted:  928  by  152  feet,  300  by  233  feet,  610  by  150  feet,  585  by  182 
feet. 

Mattress  sunk:  928  by  152  feet,  300  by  235  feet. 

Snags  pulled:  184;  piles  pulled,  122;  cords  of  brush  cut,  2.059;  cords  of  brush  hauled 
and  IcMidcd  on  barges,  1,109;  cords  of  poles  cut,  94. 

Feet  of  track  laid,  8,324;  feet  of  track  corduroyed,  1,872. 

Timber  has  been  cleared  from  the  bank  below  Pllcher's  Point  for  a  distance  of  5,248 
feet  and  400  feet  in  width,  and  above  Pilcher's  Point  for  a  distance  of  1,480  by  100  feet 
in  width. 


Respectfully  submitted. 


Capt  L.  W.  S.  Marshall, 

Oorp$  of  Enffineers,  U.  S.  A. 


J.  E.  TURTLE, 
U.  S.  Asid.  Engineer. 


L3- 

bepobt  of  h.  st.  l.  ooppek,  assistant  engineer,  upon  improvement  of  vicks- 

burg  harbor. 

October  21,  1883. 

Captain:  I  have  the  honor  to  submit  herewith  a  report  on  the  improvement  of  Ticks- 
l>ura  Harbor,  dating  from  December  1, 1882,  to  October  10,  1883,  accompanied  by  maps, 
promes,  tables,  &c 

Very  respectfully,  yours, 

H.  ST.  L.  COPPEE, 

Assistant  Engineer. 
C^t  W.  L.  Marshall, 

Corps  of  Engineers^  U.  S.  A. 

BEPORT    ok  improvement    of    VICKSBURO    harbor,     from   DECEMBER   1,     1882,   TO 

OCTOBER  10,    1883. 

I  have  divided  the  following  report,  in  accordance  with  the  progress  of  the  work,  into 
five  parts,  viz:  The  protection  of  Delta  Point,  La. ;  dredging  in  Vicksburg  Harbor  proper; 
survey  of  harbor  and  Mississippi  River  in  the  vicinity;  results  obtained  by  comparison 
of  surveys  from  1877  to  1883;  and  tables. 

The  protection  of  Delta  Point,  with  a  view  to  stopping  the  caving  of  its  banks  and 
keeping  the  channel  of  the  river  as  near  its  old  bed  as  possible,  was  commenced  in  1878 
and  carried  on  in  succeeding  years  up  to  the  season  of  1882,  under  the  direction  of  M^j. 
W.  H.  H.  Benyaurd.  During  this  time  a  spur-dike  was  constructed  with  brush  and 
stone,  two  screen-dikes  built  and  anchored  in  the  current,  and  144  mattresses  sunk  (as 
ahown  on  maps),  the  last  mattress  sunk  in  1881,  occupying  a  position  just  below  tiie 
«pur-dike.  In  October,  1882,  I  commenced  the  further  revetment  of  the  point,  under 
jrour  directions.  In  compliance  with  an  order  received  from  you  November  24,  1882,  I 
forwarded  to  your  office  a  report,  accompanied  by  maps,  giving  the  positions  and  extent  of 
the  work  accomplished  at  Delta,  up  to  December  1  of  that  year;  also  a  description  of  the 
methods  adopted  and  under  way,  for  protecting  the  banks  against  the  action  of  the 
<;urrent.  These  methods  were  not  changed,  but  the  work  carried  on  in  the  same  manner 
to  its  completion,  with  the  one  exception,  that  the  plan  of  driving  piles  through  the  upper 
•edge  of  the  mattress  was  abandoned,  so  that  no  obstructions  would  be  offered  to  the  sinking 
•of  mats  on  the  upper  graded  bank  during  high  water,  in  place  of  revetment,  which  it 
would  be  impossible  to  build. 

December  1,  1882,  the  condition  of  the  work  was  as  follows: 

Orade  of  upper  bank,  finished  to  a  slope  of  about  2J  tol linear  feet..  1,476 

Grade  partly  finished do 300 

Poles  or  frame- work  on  upper  bank _ do 305 

Upper  bank  revetted  with  brush _ do 800 

Upper  bank  revetted  with  brush  and  covered  with  stone square  yards..  2,929 

Foot -mats  built,  35  feet  wide linear  feet.-  400 

Foot-mats  built  and  sunk,  35  feet  wide do 140 

Mattresses  constructed,  144  feet  wide ..do 1,260 

Mattresses  constructed  and  sunk,  144  feet  wide do 894 

Piles  driven  through  edge  of  mattresses 54 
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At  this  time  the  water  was  standing  at  13.7  feet  on  the  gauge,  and  all  other  conditions 
&YOTable  for  poshing  the  work.  Aboat  440  men  were  employed;  90  at  the  brush  camps, 
10  at  the  pole  camp,  322  constrncting  mattresses,  revetting  the  upper  bank,  grading  with 
shovels,  &Cf  and  18  on  the  hydranlic  grader.  This  force  was  as  great  as  we  could  pos- 
sibly keep  in  work,  with  the  plant  in  use.  The  work  was  carried  on,  the  force  employed 
varying,  but  approximating  the  above  number,  until  February  10, 1883,  when,  owing  to  the 
high  stage  of  water  and  lack  of  funds,  it  was  abandoned.  January  5, 1883,  the  hydranlic 
grader  No.  1,  having  cut  the  banks  to  the  required  slope  as  far  down  the  river  as  it  would 
be  possible  to  mattress  during  the  season,  returned  to  Wilson's  Point,  having  during  its 
stay  at  Delta,  from  November  7  to  January  5,  graded  3,500  linear  feet  of  bank.  During  the 
month  of  December  it  moved  38,790cubic  yards  of  earth.  Operations  during  the  month  of 
February  were  carried  on  with  much  difficulty,  owing  to  the  high  stage  of  water,  swift 
current  and  constant  annoyance  occasioned  by  the  drift  in  the  river;  at  one  time  the  pres- 
sure from  the  latter  on  our  mattress  barge,  was  so  great  as  to  break  the  lines  connecting 
it  with  the  floating  mattress,  and  carry  it  down  the  river  nearly  a  mile.  The  mattresses 
were  also  sunk  with  trouble,  the  drift  having  accumulated  under  them  to  such  an  extent 
during  their  construction.  During  the  progress  of  the  work,  t.  e. ,  from  October  10, 1882-^ 
to  February  10, 1883 — no  portion  of  the  mattresses,  foot-mats,  or  bank  revetment  was  lost. 
The  work  accomplished  during  this  time  was  as  follows: 
Mattresses  constructed  and  sunk: 

MattressNo.    1 feet-.  130x184 

MattressNo.    2 do..-  140    365 

MattressNo.    3 do...  144    358 

MattressNo.    4.. ...do...  144    280 

MattressNo.    5 do...  144      87 

MattressNo.    6 do..     144    300 

MattressNo.    7 do...  144    285 

MattressNo.    8 do...  144    400 

MattressNo.    9 do...  144    460 

Mattress  No.  10 _ do...  144    408 

Mattress  No.  11 do...  136    475 

MattressNo.  12 do...  144      80 

Mattress  No.  13 do...    80    745 

Mattress  No.  14 do...  140      46 

MattressNo.  15 .do._.   140      40 

MattressNo.  16 do...  150      40 

Foot-mats  constructed  and  sunk,  about  35  feet  wide linear  feet . .  830 

Bank  revetted  and  covered  with  stone do 3,  500 

Piles  driven 96 

Bank  graded,  grader  No.  1,  3,500  feet  \                                          Hn««rf«At  4  SOO 

Bank  graded,  shovels,            1,000  feet  / " nnearieei..  4,«>uu 

Unfinished  work: 

Revetted,  but  not  stoned feet..  400X25 

Pole  or  frame  work  finished do —  112    18 

The  position  and  extent  of  the  work  is  shown  in  plan,  as  on  accompanying  plate.  The 
cost  of  protecting  the  bank  at  Delta — i.  e.,  the  cost  for  labor  and  materials,  not  including 
camp  expenses,  purchasing  tools,  rope,  general  outfit,  towing,  superintendence,  assist- 
ants, clerks.  Sec. — was  as  follows: 

Cost  of  cofnstructing  and  sinking  100  feet  of  maUress  144  feet  wide. 

Brush,  60  cords,  at  $2.53 $151  80 

Poles,  166,  at  32  cents 53  12 

Wire  No.  12,  170  pounds,  at  5  cents 8  50 

Spikes,  6-inch,  50  pounds,  at  5  cents _ 2  50 

Nails,  40d,  30  pounds,  at  4  cents 1  20 

Rock,  60  cubic  yards,  at  $1.90 114  00 

50  men,  1  day,  at  $1.65  (including  subsistence) 82  50 

1  foreman,  at  $2. 15  (including  subsistence) 2  15 

1  master  laborer,  $1.90  (including  subsistence) - 1  90 

Total 417  60 

Cost  per  linear  foot  of  mats 4  17 
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Cost  of  100  feet  of  upper  bank  reyetment,  75  feet  wide. 

Brush,  30  cords,  at  $2.53 $75  90 

Poles,  150,  at  32  cents 48  00 

Wire,  No.  12,  375  pounds,  at  Scents. ., 18  75 

Spikes,  6  inches,  60  pounds,  at  5  cents 3  00 

Rock,  150  cubic  yards,  $1.90 „ 285  00 

Fifty  men  (1  day),  $1.65  (including  subsistence) 82  50 

One  foreman  (1  day),  $2.15  (inclu<Ung  subsistence) 2  15 

One  master  laborer  (1  day),  $1.90  (including  subsistence) 1  90 

Total 517  20 

Cost  per  linear  foot  of  revetment,  $5. 17. 

The  excessive  cost  of  wiUow  brush  and  poles  used  in  the  above  estimate  was  due  to 
the  long  haul  necessary  in  order  to  obtain  them  of  the  desired  size  and  quality  and  in 
sufficient  quantities,  and  also  to  the  soft  condition  of  the  bar  from  which  they  were  se- 
,cured. 

Cost  of  grading  100  feet  of  bank  75  feet  wide  (average  30  feet  high  above  water  sur- 
&ce:  Average  excavation  grader  No.  1  in  bank;  100  feet  by  75  feet  =  3,000  cubic  yards, 
at  5  cents,  $150. 

Grading  with  shovels: 

Seventy  men  (2  daysj,  $1.65  ^including  subsistence) $231  00 

One  foreman  (2  days),  $2.15  (including  subsistence^ 4  30 

One  master  laborer  (2  days),  $1. 90  (including  subsistence) 3  80 

Small  grader  and  boxer,  $7.00  per  day  (2  days) 14  00 

Total 403  10 

Cost  of  grading  per  linear  foot,  $4.03. 

EKCAPrrULATION. 

Cost  of  mats  per  linear  foot $4. 17 

Cost  of  revetment  per  linear  foot _ 5.17 

Cost  of  grading  per  linear  foot -. _ _ _ 4.05 

Cost  of  protecting  bank  per  linear  foot-- - 13.37 

February  10  the  water  stood  32.7  feet  on  the  Yicksbuig  gauge,  and  continued  at  a  hi^ 
stage,  as  shown  in  the  table  of  gauge  readings,  appended,  until  early  in  July.  During 
this  entire  time  a  current  of  5.6  feet  per  second,  swept  by  the  revetted  bank,  making 
fhrther  operations  there  impracticable,  even  had  the  work  been  incomplete  and  funds 
available.  In  the  latter  part  of  February  you  directed  me  to  have  five  of  the  coal  boxges 
used  during  the  season  decked,  for  the  purpose  of  carrying  brush  on  the  Lake  Providence 
reach;  this  was  accomplished,  and  they  were  sent  early  in  March  with  the  balance  of  the 
Delta  outfit  to  Wilson's  Point. 

DREDGING  IN  VICK8BUBG  HABBOB. 

The  first  part  of  the  original  plan  recommended  by  the  Board  of  Engineers  (January, 
1878)  for  the  improvement  of  the  harbor,  i.  c,  the  protection  of  Delta  Point,  having  been 
accomplished,  the  second  part,  or  dredging  a  eanal  and  basin  in  front  of  the  city,  was 
commenced  April  5,  1883.  November  30,  1882,  the  contract  for  dredging  was  awarded 
to  Mr  Rittenhouse  Moore,  of  Mobile,  the  understanding  being  that  in  aocordanc*e  with 
the  specifications  issued  by  you,  he  would  commence  work  before  February  1, 1883,  and 
finish  to  the  full  extent  of  the  available  funds  ($100,000)  by  October  1  of  the  same 
year.  April  2,  or  two  months  after  the  time  specified  in  the  contract,  the  dredge  Thos. 
H.  Hemdon  was  towed  into  the  harbor;  and  April  5  commenced  excavating;  your  in- 
structions being  to  dig  a  basin  1,700  feet  long  by  320  feet  wide,  down  to  a  horizontal  plane 
passing  through  the  zero  of  the  gauge,  thence  to  the  same  plane,  a  canal  into  the  lake  150 
feet  wide  by  approximately  2,500  feet  long  (the  position  of  canal  and  basin  is  shown  on 
accompanying  plate,  XI),  thence  to  move  the  dredge  to  the  southwest  entrance  to  the 
lake,  and  cut  a  channel  through  t|ie  bar  fonning  there,  of  sufficient  width  and  depth  to 
allow  boats  to  enter  with  a  view  to  giving  Vicksburg  a  temporary  harbor  during  low 
water.  The  dredge  was  what  is  known  asa  crab  or  clam-shell  dredge,  capable  of  exca- 
vating, when  well  handled,  on  an  average  4,000  cubic  yards  in  twenty-four  hours. 

Up  to  April  10  work  was  carried  on  in  the  day-time  only,  but  from  that  day  until 
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its  abandonment  on  acooant  of  low  water  the  dredge  worked  twenty-four  hours  each 
day,  with  the  exception  of  Sundays,  which  we're  used  for  repairs  to  machinery.  Two 
inspectors  were  employed  by  the  Government  to  measure  the  amount  of  material  exca- 
rated  and  placed  in  scows,  each  inspector  remaining  on  the  dredge  twelve  hours,  thus 
dividing  the  day  into  two  watches,  as  was  also  done  by  the  crew  employed  by  the  con- 
tractor. Two  scows  were  used  to  convey  the  material  excavated  to  the  point  designated 
by  the  inspector.  The  capacity  of  the  scows  were  respectively  116  and  266  cubic  yards, 
llie  material  was  dumped  in  the  low  ground  in  the  willow  ridge  opposite  the  compress 
(as  shown  on  map),  the  haul  or  tow  being  about  one  mile,  round  trip,  from  the  center 
of  the  basin.  At  first  it  was  impossible  to  dredge  to  the  desired  plane  (zero),  as  the 
gaide  or  bucket-poles  were  not  of  a  sufficient  length  to  allow  of  the  bucket  reaching 
that  depth,  thus  making  it  necessary  to  go  over  a  portion  of  the  proposed  basin  twice. 
It  will  be  noticed  by  a  glance  at  the  gauge  table  that  during  the  early  stages  of  the  work, 
nearly  two  months,  the  water  was  above  the  forty-foot  mark;  the  dredging  was  neces- 
sarily slower  and  performed  with  greater  difficulty  than  afterwards,  when  the  river  fell 
to  a  lower  level.  During  the  progress  of  the  work  there  were  numerous  break-downs 
and  delays,  in  many  instances  caused  by  bad  management  on  the  part  of  those  represent- 
ing the  contractor.  At  times  the  force  employed  on  the  dredge  was  not  sufficient  to  do 
the  work  properly.  There  were  also  some  delays  caused  by  the  careless  handling  of 
boats  that  frequented  the  harbor,  running  over  the  guide  stakes,  lights,  &c.  This,  however, 
was  soon  remedied  by  cautioning  the  pilots,  it  being  to  their  interest  to  help  rather  than 
to  retard  the  work.  The  dredging  was  at  first  confined  to  the  basin,  the  material  being 
taken  out  in  cuts  40  feet  wide,  but  not  to  the  zero,  as  stated  above,  because  of  the  short- 
ness of  the  bucket-poles.  Six  parallel  cuts  were  taken  out  the  entire  length  of  the  basin, 
commencing  at  the  western  edge  and  working  eastward  to  a  plane  about  5  feet  above 
sero;  thence.  May  26,  the  dredge  was  moved  to  its  eastern  edge,  and  the  water  being^ 
ioffidently  low  commenced  excavating  to  the  zero.  Four  cuts  were  made  working  west- 
ward with  the  exception  of  a  small  nS^  in  front  of  and  close  to  the  elevator,  which  it 
was  impossible  to  dig  with  the  bucket  in  use.  As  the  contractor  claimed  that  this  ma- 
terial was  rock,  I  had  borings  made  and  found  it  to  be  as  I  anticipated,  simply  a  hard, 
compact  deposit. 

The  contractor  was  requested  to  send  us  a  bucket  capable  of  removing  this,  but  did 
not  comply  with  the  request.  July  18  the  condition  of  the  work  was  as  follows  (all  the 
operations  having  been  confined  to  the  basin) : 

Four  cuts  or  160  feet  from  western  edge  excavated  to  +  5  feet.  Four  cuts  or  160  feet 
fiom  eastern  edge  excavated  to  zero,  leaving  160  feet  to  be  re-dredged  in  order  to  finish 
the  basin  to  the  required  depth.  There  was  practically  no  more  work  done  in  the  basin. 
As  the  water  at  this  time  (July  18)  had  fallen  to  38  feet  on  the  gauge  and  was  going  down 
rapidly,  yon  thought  it  expedient  before  finishing  the  basin  to  make  a  couple  of  cuts  (a 
canal  80  feet  wide  to  zero)  to  deep  water  in  the  lake,  in  order,  if  possible  to  prevent  the 
necessity  of  moving  the  wharf  boat  and  general  river  business  to  the  lower  landing.  The- 
dredge  was  therefore  placed  in  the  temporary  canal,  and  worked  there  until  August  2, 
when  you  ordered  her  moved  to  the  southwest  entrance  to  the  lake.  The  lower  en- 
trance to  the  landing  was  at  that  time  closed,  and  the  upper  or  southwestern  shoaling 
rapidly.  The  temporary  canal  was  then  in  the  following  condition:  One  cut  40  feet  by 
2,500  feet  excavated  to  zero,  and  a  portion  of  a  second  1,000  feet  to  the  same  plane  Au- 
gust 3,  dredging  commenced  at  a  point  on  King^s  Bar,  marked  on  the  map  West  Pass, 
in  twelve  feet  of  water  (the  gauge  reading  31.5  feet)  and  carried  on  up  to  the  24th.  The 
material  to  be  moved  was  of  such  a  consistency  (compact  sand)  that  the  soft-bottom 
backet  had  to  be  abandoned,  and  one  shipped  by  the  contractor  from  Mobile  used  in  its- 
place.  This  worked  to  much  better  advantage,  but  was  not  a  success.  Numerous  expe- 
dients were  resorted  to,  but  the  plan  of  making  a  passage  through  the  bar  had  finally 
to  be  abandoned  and  the  dredge  towed  back  to  the  second  cut  in  the  temporary  canal. 
The  accompanying  map  and  profiles  show  the  position  and  dimensions  of  the  excava- 
tion at  West  Pass;  its  present  condition  is  not  all  due  to  the  dredging,  but  in  great 
part  to  the  scouring  force  of  the  current  running  from  the  lake  into  the  river  at  that 
point.  The  probability  is  that  a  rising  river  will  fill  this  up  again  in  a  short  time. 
From  August  24  until  September  18  the  dredger  worked  in  the  temporary  canal.  At 
the  latter  date  the  gauge-reading  was  7.4  feet,  the  dredge  drawing  7.6  feet.  As  your 
orders  were  not  to  excavate  below  the  zero  plane,  it  was  impossible  to  continue  until  th^ 
river  should  rise.  The  dredge  was  therefore  removed  to  deep  water  in  the  lake,  and  as- 
the  river  has  continued  to  &11  steadily,  has  remained  there  to  date.  Should  the  con- 
tractor wish  to  remove  his  outfit,  the  time  for  finishing  the  contract  (Sept.  30)  having 
expired,  it  will  be  impossible,  all  access  to  the  main  river  being  closed.  During  the 
progress  of  the  work,  a  record  of  the  material  dredged  was  kept,  giving  the  excavation 
per  scow,  per  watch,  day,  &c.,  the  causes  of  delay,  and  general  log. 

Table  No.  10  gives  the  amount  of  material  exaivated  each  month,  that  taken  fVom  the 
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Iwsin,  temporery  canal,  and  West  Pass,  and  totals.  The  total  amount,  350,035  cobic 
yards,  at  12.1  cento,  $42,354.23,  minns  10  per  cent.,  |38,116.81,  has  been  paid  the  con- 
tractor in  monthly  estimates.  The  condition  of  that  portion  of  the  lake  where  the  ex- 
cavation was  made  at  the  present  time,  to  which  I  will  refer  in  the  results  obtained  by 
comparison  of  surveys,  will  show  a  decided  filling  or  sliding  in  from  the  sides,  giving  a 
very  poor  idea  of  the  amount  of  material  originally  dredged.  There  was  also  a  deposit 
taking  place  during  the  entire  time  of  dredging,  as  shown  on  the  profiles,  Plates  XII 
and  XIII. 

SURVEY. 

Early  in  September,  in  accordance  with  instructions  to  make  a  thorough  survey  of  the 
harbor  and  Mississippi  River  in  the  vicinity,  for  the  purpose  of  comparing  the  data  thus 
obtained  with  the  surveys  of  previous  years,  with  a  view  to  ascertaining  the  probable 
additional  cost  of  dredging,  should  it  bie  deemed  expedient,  and  noting  the  changes  that 
had  taken  place  in  the  main  river,  1  put  a  party  into  the  field  and  obtained  all  the  de- 
sired information  by  the  10th  instant.  The  work  in  the  inner  harbor  was  pursued  with 
some  difficulty,  being  not  only  expensive  but  dangerous,  the  mud-bar  in  front  of  the  city 
being  in  such  a  condition  as  to  necessitate  the  laying  of  plank  in  order  to  obtain  the 
clQvation  of  the  ground  sounded  the  year  before.  The  laborers  employed  in  placing  the 
plank  ways  were  numerous  times  immersed  up  to  their  armpits,  and  but  for  the  boards 
to  which  they  clung  would  have  disappeared  entirely.  This  extremely  soft  deposit  ex- 
tended the  entire  length  of  the  proposed  permanent  canal  and  basin,  with  the  exception 
of  a  small  strip  of  bar  at  section  No.  1 ;  the  ground  there,  being  much  higher,  was  hard- 
ened by  the  sun,  but  one*  foot  below  the  surfiMse  was  very  soft,  as  I  ascertained  by  at- 
tempting to  drive  my  horse  over  it. 

The  survey  consisted  in  remeasuring  and  either  leveling  over  or  sounding  the  sections 
sounded  in  1881  and  1882  in  the  inner  harbor,  twenty- three  in  number,  running  a  line 
of  levels  from  Ryan's  lower  saw-mill  to  a  point  on  King's  Bar  opposite  the  Delta 
wharf-boat,  obtaining  the  low- water  line  of  King's  Bar,  the  middle-ground  bar,  the  bar 
above  Delta,  and  the  bar  just  below  the  revetted  portion  of  the  Delta  Point  bank,  sound- 
ing twelve  sections  in  the  upper  lake  and  fifteen  sections  in  the  main  river.  A  meander 
line  was  run  up  to  King's  Point.  Levels  were  also  carried  from  the  gauge  at  Kleinston  to 
the  gauge  in  the  lake,  the  difference  in  elevation  of  the  water  in  the  river  and  lake  ob- 
tained, cross-sections  made  of  West  Pass,  and  cross-sections  of  the  excavated  basin  ob- 
tained every  100  feet,  giving  the  slopes  the  sides  had  assumed.  Posto  were  planted  at 
the  end  of  each  section  in  the  inner  harbor  for  future  use.  The  soundings  were  made  in 
every  instance  as  nearly  as  possible  on  sections  used  in  previous  years,  in  order  to  better 
compare  results.  The  levels  and  soundings  are  referred  to  the  zero  of  the  gauge  at 
Kleinston,  no  deduction  being  made  in  the  case  of  soundings  in  the  main  river  for  slope, 
l)ut  simply  referring  them  to  the  datum  by  subtracting  the  reading  of  the  gauge  at  the 
time  of  sounding  from  the  depth  obtained. 

RESULTS. 

The  results  of  this  survey,  and  those  made  in  the  past,  I  have  collected  and  arranged 
in  the  form  of  tables,  which  will  explain  themselves,  leaving  but  little  to  be  added.  The 
data  from  which  the  changes  during  1877, 1878,  1879,  and  1880  were  obtained  were  very 
meager,  and  in  most  instances  but  approximate;  but  will  serve  to  show  the  general  con- 
ditions which  existed  during  those  years,  and  the  change  which  has  taken  place  in  the 
inner  harbor  since  the  time  of  the  cut-off  in  1876;  a  gradual  filling  has  taken  place 
which  will  continue  until  the  lake  is  free  from  all  access  to  the  muddy  water  of  the  river, 
unless  some  means  are  adopted  to  cut  off  the  current  that  flows  around  De  Soto  Island 
during  high  water.  This  current  has  existed  since  1877  to  a  greater  or  less  extent, 
having  a  velocity  in  that  year  of  nearly  one-fourth  mile  per  hour.  In  1882  it  was  hardly 
perceptible,  float  observations  made  in  July  of  that  year  showing  practically  no  velocity; 
but  during  the  last  high  water  it  traveled  from  Ryan's  mill  to  the  compress  at  the  rate 
of  one-half  mile  per  hour,  gradually  becoming  slower  as  it  reached  the  northern  end  of 
the  island.  This  has  caus^  a  more  rapid  filling  of  the  area  than  has  taken  place  for 
years. 

Glass  Bayou,  which  enters  the  lake  at  the  northern  boundary  of  the  city,  has  also  been 
the  cause  of  considerable  filling,  bringing  during  every  heavy  rain  a  great  quantity  of 
mud  from  the  adjacent  hills.  The  changes  that  have  taken  place  in  the  main 
river  during  the  last  high  water,  as  shown  on  the  accompanying  map,  are  to  a 
great  extent  a  repetition  of  what  occurred  the  year  before.  The  bar  above  Delta 
has  moved  down  stream  600  feet;  some  caving  has  taken  place  at  King's  Point. 
The  King's  Point  Bar  has  been  split,  the  sand  taken  from  ite  former  crest  being  de- 
posited in  the  form  of  a  middle  ground,  outside  of  its  old  position  and  extending 
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farther  down  tbe  river,  closing  more  oftctually  the  upper  entrance  to  the  lake,  and 
threatening  the  permanency  of  the  Kleinston  landing.  The  bank  has  caved  to  some 
extent  at  Kleinston,  and  at  present  there  is  a  strong  eddy  current  there,  the  water 
ninning  rapidly  up-stream,  along  the  Kleiuston  front.  The  bar  below  the  revetted 
portion  of  Delta  Point,  has  moved  out  at  its  upper  end  100  feet,  and  1,000  feet  below, 
iOO  feet.  I  made  a  personal  examination  of  the  revetment  at  Delta  Point  and  found 
tbe  following  changes :  The  spur  dike,  built  in  1879,  has  been  swept  away,  carrying 
with  it  260  linear  feet  of  revetment;  also  at  a  point  (marked  on  drawing  of  Delta 
Point  "  Mud  flat**)  where  no.revetment  was  placed,  there  has  been  some  caving.  To 
protect  the  hank  at  and  below  the  old  dike,  and  at  this  mud  flat,  to  insure  the  perma- 
nency of  the  work  already  done,  it  will  be  necessary  to  put  down  500  linear  feet  of 
mattress  The  changes  in  the  inner  harbor  are  shown  on  the  piofiles,  and  in  tables 
appended. 

ESTIMATES  FOR  DREDGIMO. 

First  estimate,  July,  1878 ^80,000  00 

Second  estimate,  July,  1880,  to  15  foot  plane,  canal,  250  by  4,800;  basin, 
BOO' by  1,800=2,236,556  cubic  yards,  &i  15  cents 335,333  25 

Third  estimate,  1^^,  slopes  1^  to  1,  canal  and  basin  same  as  in  second 
estimate=^315,195  cubic  yards,  at  15«%ents 347,279  26 

Fourth  estimate,  May,  1883,  canal  and  basin,  as  in  map,  iucJuding  tempo- 
rary canal  to  — 8  fo<«t  plane,  slopes  6  to  1,  adding  40  per  cent,  for  expan- 
sion of  material  measured  in  scows 389, 960  36 

Filth  estimate,  October,  1883,  slopes  8  to  1  on  one  side  and*  natural  slope 
of  old  bank  3  to  1  on  other;  permanent  canal,  as  shown  in  map,  exca-* 
vated  to  — 8  plane=3,789, 632.7  cubic  yards -f  40  per  cent.  =5,305,485.7, 
at  15  cents 795,822  85 

Material  taken  from  the  basin  during  the  year,  244,456  cubic  yards,  at  12^ 
cents ^ 29,579  07 

Total  amount  to  be  spent  in  order  to  finish  permanent  canal  and  basin, 
not  allowing  for  fill  during  the  progress  of  the  work 766, 243  68 

Should  the  fill  in  the  harbor  be  as  great  during  the  next  high  water,  this  estimate 
will  have  to  be  increased  over  |300,000,  making  the  total  cost,  approximately, 
fl,00O,O0O.  The  slopes  assumed  by  the  dredged  portiou  of  the  lake  are  shown  on  the 
profiles. 

Table  No.  1. 


Dftte. 


0«age.  I,      Date. 


2 
3 
4 

5 
6 

7 
8 
9 


1882. 
Dec  1. 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec  10 
Dec  11 
Dec  12 
Dec  18 
Dec  14 
Dec  15 
Dec  16 
Deo.  17 
DvclS 
Dec  10 
Dec.  20 
Dec  21 
Dec  22 
Dec  23 
Dec  24 
Dec.  25 
Dec  26 
Dec  27 
Dec  28. 
Dec  29 
Dec  30. 
Dec  31. 


13.70 

13.50 

13.30 

13.00 

12.80 

12.60 

12.30 

12.00 

11.75 

11.66 

11.60 

1L55 

1L50 

11.40 

1L20 

10.90 

10.50 

9.90 

9.50 

9.30 

9.15 

8.80 

8.45 

8.00 

7.80 

7.70 

aoo 

&55 

9.80 

10.00 

10.90 


I 


2 
3 
4 

5 
6 

7 
8 
9 


1883. 
Jan.  1 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan.  10 
Jan.  11 
Jan.  12 
Jan.  IS 
Jan.  14 
Jan.  15 
Jan.  16 
Jan.  17 
Jan.  18 
Jan.  19 
Jan.  20 
Jan.  21 
Jan.  22 
Jan.  23 
Jan.  24 
Jan.  25 
Jan.  26 
Jan.  27 
Jan.  28 
Jan.  29 
Jan.  30 
Jan.  31  , 


Gauge. 


11.90 
12.80 
13.75 
14.70 
15.50 
16.40 
17.00 
17.30 
17.30 
17.50 
17.55 
17.40 
17.80 
17.50 
17.20 
16.80 
16.40 
16.10 
16.00 
15.90 
15.90 
15.90 
15.90 
16.00 
16.30 
16.90 
17.50 
ia40 
19.40 
20.70 
22.70 


Date. 


1883. 


1 
2 
3 
4 

5 
6 
7 
8 
9 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb.  10 
Feb.  11 
Feb.  12 
Feb.  18 
Feb.  14 
Feb.  15 
Feb.  16 
Feb.  17 
Feb.  18 
Feb.  19 
Feb.  20  . 
Feb.  21 , 
Feb.  22 . 
Feb.  23  . 
Feb.  24 . 
Feb.  25 . 
Feb.  26 . 
Feb.  27 . 
Feb.  28 
Mar.  1. 
Mar.  2. 
Mar.  3. 


Grange. 


24.70 
26.60 
28.30 
29.80 
3a  70 
31.40 
31.90 
82.10 
32.40 
32.70 
32.90 
33.45 
84.10 
34.90 
35.80 
36.70 
37.70 
38.40 
3a  95 
39.60 
40.35 
40.60 
41.05 
41.55 
41.85 
42.05 
42.20 
42.25 
42.35 
42.55 
42.65 


Date. 


5 
6 

7. 

8 

9. 


1883. 
Mar.  4 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar.  10. 
Mar.  11. 
Mar.  12. 
Mar.  13. 
Mar.  14. 
Mar.  15. 
Mar.  16. 
Mar.  17. 
Mar.  18. 
Mar.  19. 
Mar.  20. 
Mar.  21. 
Mar.  22. 
Mar.  23. 
Mar.  24. 
Mar.  25. 
Mar.  26. 
Mar.  27. 
Mar.  28. 
Mar.  29. 
Mar.  80. 
Mar.  31. 
Apr.  1. 
Apr.  2. 
Apr.   3 


Grange.  I  i     Date.      iGaoge. 


,.t 


42.70 
42.80 
42.90 
43.05 
43.10 
43.10 
43.15 
43.20 
43.20 
4a  25 
43.25 
43.30 
4a  25 
48.20 
4a  20 
43.20 
43.15 
4a  05 
43.00 
42.95 
4a  80 
42.85 
42.80 
4a  70 
4a  80 
43.00 
43.  30 
43.60 
43.80 
43.90 
43.90 


188a 
Apr.  4 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr.  10 
Apr.  11 
Apr.  12 
Apr.  13 
Apr.  14 
Apr.  15 
Apr.  16 
Apr.  17 
Apr.  18 
Apr.  19 
Apr.  20 
Apr.  21 
Apr.  22 
Apr.  23 
Apr.  24 
Apr.  25 
Apr.  26 
Apr.  27 
Apr.  28 
Apr.  29 
Apr.  80 
May  1 
May  2 
May  3 
May    4 


4a  90 
4a  80 
4a  70 
43.95 
4a  85 
4a  80 
43.75 
43.70 
4a  60 
4a  60 
4a  60 
43.56 
4a  56 
4a  80 
4a  30 
43.20 

4a  10 

43.00 
43.00 

4a  11 
4a  10 

4a  90 
4a  80 
4a  70 
4a  60 
4a  50 
4a  40 
4a  30 
4a  20 

4a  10 
4a  00 
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Table  No.  1 — fJontinued. 


Date.       GftQge.  ;      Date,      i  Qauge. 


6 

7. 
8. 
9. 
10 


1883. 
May  5. 
May 
May 
May 
May 
May 
May  11. 
May  12. 
May  18. 
May  14. 
May  15. 
May  16 
May  17. 
May  18. 
May  19 
May  20. 
May  21. 
May  22. 
May  28. 
May  24. 
May  25. 
May  20. 
May  27. 
May  28. 
May  29. 
May  80. 
May  81 
June  1 
Jane  2 
June  3 
June  4 
June  5 


41.11 
4L11 
41.10 
41.90 
41.80 
41.90 
41.80 
41.80 
41.70 
41.60 
41.50 
4L30 
41.10 
40.10 
40.60 
40.10 
3ft  70 
3ft  00 
38.50 
37.11 
87.70 
87.70 
37.80 
87.11 
88.00 
38.20 
88.40 
8&00 
88.60 
88.70 
38.70 
88.80 


1883. 
Jnne  6 
June  7 
June  8 
June  9 
June  10 
June  11 
June  12 
June  18 
June  14 
June  15 
June  16 
June  17 
June  18 
June  19 
June  20 
June  21 
June  22 
June  28 
June  24 
June  26 
June  26 
June  27 
June  28 
June  29 
June  80 
July  1 
July 
July 
July 
July 
July 
July 


88.80 
38.10 
3ft  90 
3ft  00 
39.10 
89.10 
3ft  10 
3ft  10 
39.10 
39.00 
3ft  00 
3ft  10 
3ft  10 
39.20 
3ft  40 
89.50 
89.50 
3ft  60 
3ft  60 
89.90 
8ft  80 
89.80 
8ft  70 
39.70 
3ft  70 
8ft  00 
39.60 
3ft  00 
3ft  60 
39.60 
39.70 
8ft  70 


Date.        Gauge. 


1883. 
July  8 
July  9 
July  10 
July  11 
July  12 
July  18 
July  14 
July  15 
Jul7  16 
July  17 
July  18 
July  19 
July  20 
July  21 
July  22 
July  23 
July  24 
July  25 
July  26 
July  27 
Jul?  28 
July  29 
July  30 
July  31 
Aug.  1 
Aug. 
Aug. 

Aug. 

Aug. 
Aug. 
Aug. 
Aug. 


2. 

3 

4. 

5 
6. 

7. 
8 


89.70 
3ft  70 
3ft  70 
3ft  70 
3ft  70 
39.60 
39.40 
3ft  20 
38.10 
88.02 
37.10 
37.10 
36.40 

■  *   •  • 

35.70 
34.10 
34.40 

>34.ao 

I     34.10 

I     34  00 

I     33.11 

•     33.00 

33.00 

3L50 

30.30 

29.00 

27.00 

26.90 

25.60 

24.60 

23.70 

23.00 


> 


Date. 


Gauge. 


1883. 
Aug.  9 
Aug.  10 
Aug.  11 
Aug.  12 
Aug.  13 
Aug.  14 
Aug.  15 
Aug.  16 
Aug.  17 
Aug.  18 
Aug.  19 
Aug.  20 
Aug.  21 
Aug.  22 
Aug.  23 
Aug.  24 
Aug.  25 
Aug.  26 
Aug.  27 
Aug.  28 
Aug.  29 
Aug.  30 
Aug.  31 
Sept  1 
Sept  2 
Sept   3 


Sept 
Sept. 
Sept 
Seplt 
Sept 
Sept 


4. 

5. 
6. 
7. 
8. 
9. 


22.10 
23.00 
23.10 
23.30 
23.10 
23.00 
22.10 
22.10 
22.40 
21.11 
21.40 
20.10 
20.20 
1ft  40 
1ft  20 
18.60 
18.00 
17.40 
16.10 
16.00 
m50 
14.90 
14.20 
13.80 
13.20 
12.10 
12.40 
ILU 


1ft  90 
ft  70 


Date.       Gauge. 


1883. 
Sept.  10. 
Sept  II. 
Sept  12 
Sept  13. 
Sept  14. 
Sept  15 
Sept  16. 
Sept  17. 
Sept  18. 
Sept  19. 
Sept  20. 
Sept  21. 
Sept  22 
Sept  23. 
Sept  24. 
Sept  25. 
Sept  26. 
Sept  27. 
Sept  28. 
Sept  29 
Sept  30. 
Oct  1. 
Oct  2. 
Oct  3 
Oct  4. 
Oct  5. 
Oct  6. 
Oct  7. 
Oct  8. 
Oct  9. 
Oct  10 


ft  20 
8.90 
&40 

aoo 

7.80 
7.40 
7.20 
&10 
ft60 
6.30 
5.10 
5.60 
5.20 
4.10 
4.60 
4.40 
4.00 
3.10 
3.80 
a.  70 
3.50 
8.40 
8.20 
3.10 
3.00 
2.11 
2.11 
3.11 
3.20 
3.20 
3.30 


Table  No.  2. — Showing  fill  every  100  feet  on  King's  Bar  (or  eeoUon  1  oonUnued)  from 

1882  to  1«83. 


Diatanoe. 

Fill. 

DUtance. 

Fill. 
Feet. 

Distance. 

Fill. 

Feet. 

Feet. 

Feet. 

Feet. 

FeeL 

100 

13.0 

1,000 

ft  4 

1,900 

ia5 

200 

12.0 

1,100 

8.4      1 

2,000 

14.0 

300 

n4.o 

1,200 

8.5 

2,100 

12.6 

400 

17.0      1 

1,800 

8.2 

2,200 

12.8 

500 

18.8 

1,400 

ftl 

2,300 

ft  6 

600 

18.6 

1,500 

ft  5 

2,400 

tft2 

700 

16  6 

1,600 

11.6 

2,500 

8.4 

800 

14.0      1 

1.700 

14.2 

2,600 

6.4 

900 

12.0 

1,800 

17.6 

2,700 

6.4 

*  Middle  of  canal. 


t  Middle  of  west  pass. 


Table  No.  3. — The  maximum  fill,  in  inner  harbor ^  within  the  limits  of  oanalj  from  1877  (• 
1883,  omitting  sections  sounded  in  1880,  which  are  not  accurate  enough  for  comparison. 


Sections. 

Fill,  in  feet. 

1877  to  1878. 

1878  to  1879. 

1870  to  1881. 

1881  to  1882. 

1882  to  1883. 

No.4 

No.  12 

No.  14 

No.  15 

No.  16 

No.  17 

No.  24 

20 
13 
17 
13 
16 
6 

22 

12 

12 

7 

10 
6 
5 

13 

12 
Approx.  0 
Approx.  0 
Approx.  0 
Approx.  0 
Approx.  0 
1879  to  1883. 

16 

6 
4 
2 
1 
Approx.   1 
Approx.   1 

Approx.  0 

6 
8 
0 
10 
10 
9 

Approx.   5 
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TiBLi  No.  i.—Fill  in  inner  harbor  leiikin  tht  Umiti  of  tkt  »lope»  of  natial  and  btuln  from 
la-l  t«  1S*J  (teeprofiUt).  In  thefracliom,  the  nunuialar  dtnatet  the  duiance  meamrtd 
from  the  ihore  tdfe  of  tkt  tlop»,  the  denmHinator,  the  fill  at  that  diitance. 


ScOttOBt. 

Fill 

nfeM. 

wIto 

osjioo 

lo^o'io"  i" 

24,1  120.' 300 

ILt 

0.7 

11.11 

o.i 

2.4 

IM 
S.0 

!O0 

S-BiS/O^O 

ri^l 

IJ^S 

Hi) 
778 

3.0 

580 

0.0" 

1^ 

U 

1.8 

I2S 

i" 

H    ^B 

B.1 

375  Lis  1.75 
10,0.7.0:5.0 

S25 

10 

«0 
3.i 

"J 

IM 

0,0    8.0" 

"1 

MO 

5:0 

410|4«> 

510 
5,0 

530 
8.0 

5<0 
1" 

T 

Zi 

Li 

SO 

3.B 

IM    20O 

0.4  s.o 

rs 

350 

11 

*5.1 

500 
9.8 

"io" 

"1" 

ftS 

;~ 

1.1 

200 

250    300 
10|2.B 

2.6 

48 

1.1 

500 
3.8 

378" 

18 

«hi 

1' 

4i 

w. 

89. 

i1 

i.mU 

2.0 

3)0 
34 

3B0 
14 

24 

480 

530 
12 

Mo 

? 

1.0 

l.« 

is 

30 

10 

80 
2.4 

H 

io 

130 
2.4 

i.a 

3Xi 

IM 

11 

330 

2:0 

430 
2.1 

11 

475 

X» 

10 

1.1 

an 
8;e 

i-2 

i^ 

4.0 

470 

4.2 

m 

4.4 

430 

480 

m 

MO 

am 

Ct 

«^ 

i'o 

100 

11 

210 

,:8 

2M 

4,0 

"4.1 

t! 

480 

s,o" 

510 

v\ 

BC 

no 

2.0 

4.  a 

rs 

2B0 

a.0 

310 

BN 

"0 

Ti 

400 
LO 

"0 

Km 

o 

to 

S 

1:2 

tS 

2B0 
4.0" 

310 
3.4 

380 
B.'4 

»,B 

-T 

IS 

BE 

M 

115 

105 

21.1 

Wll 

315 

no.i 

tl5 

441 

1.0 

«.u 

11.4 

3.0 

3.1 

3.11 

"■" 

2.8 

IS 

2.8 

!.« 

iO 

75 

2.0 

Ti 

200 

^ 

BOO 

as 

0,0 

450 
1.0 

5W 

o:s 

ae 

1-"! 

T2 

0I 

■0 

ri 

as 

1.1 

%M 

0:1 

SDO 

o.e 

iso 

400 

-Jl 

n 

480 

G«  Tibia  Mo.  5  (lunriiig  nuMi  Oil  uid  u 

Tabli  No.  5.—M«anfUl  and  areai  of  fill  i*  innrr  harbor  iritAia  tA«  liMlt*  of  the  ihpm  of 
the  eanal  and  batinfrom  IdUl  lo  1»S2. 


SaotloD. 

M«D  flU. 

Area. 

Fat. 

1.0 
3.0 
10 

1.8 

3.4 
1.1 

le 
ois 

lu-r 

30615 
17415 

i8so!o 

1008  5 

i4m:2 

vn'.s 





leNo.4  lor  oo-ordlutM. 
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Table  No.  6. — Ordiiuitet  and  dUtanoes  within  the  limiU  of  the  sUpe*  of  canal  aiMl  hatin^ 
and  the  linea  of  bottoms  of  canal  and  lake  in  1883,  including  dredged  volnmee.    In  the 
fractione,  the  numerator^  denoiee  the  distanoee  measured  from  the  shore  edgn  of  the  slope 
the  denominator^  the  ordinates  at  that  duitanoe,  * 


Section. 


Ordinfttos  and  distancea. 


Nal 

0 

10 

50 

100 

150 

200 

1 
250 

2621300 

1 
1350 

387 

400 

450   500 

660 

1 

looo 

650 

0   5.  2  I  5. 4 

1 

7.0 

12.5 

17.  8 24. 4  26. 226;  6 26.  7  26.  8  23.  2120.  O;  15. 8 

1        1 

11.06.6     0 

Na2 

0    50  '  100 

l.'iO 

200 

232   250  300   350   :>:>7  1 400   450 

500 

630 

600  ;650;662 

t 

0  12.4 

1&2 

23.  0-27.  6 

1 

31.  Ji30.  0 3«.  5 30.  5 30.  527.  2  22. 2 

1                 .                 !                 1                 1 

17.4  12.3 

7. 0   1.  8 

0 

I        1 
1 

NaS 

0    15 

65 

ll5|l2.-> 

160 ,  16.^   215 

265:285 

315 

365 

415  466 

515   565 

605 

1 

0   2.4 

8.8 

24.  4!26. 4 

20.  i?|29.  7  29.  8 

29. 9;  30.  *ii27. 6 

]        1 

22.7 

18.214.0 

9. 2 

4.2 

0 

1        i 

Na4 

0    30 

80 

100 

130 

180   230  2.55 

22.  2'27. 8  30. 8 

1        > 

280830 

880 

430 

480  530 

580 

630 '  660 1         1        1 

0  4.0 

1 

12.2 

16. 2!  18.  6 

30.6  30.530.4 

1        , 

24.4 

18.414.4 

9.4   4.0 

0 

jro.6 

Oj  50 
O18.8 

I 

100 
23.6 

150 
28.6 

165 
30.6 

200 
30.4 

260  800  850   365  400 

30. 1  30.  2  30.  5  30.  6  25.  4 

III- 

450 
22.2 

500  650 

16.  8ilL  1 

600:640 
5. 0     0 

' 

1        f 

Na6 

0 

50 

100 

150 

195 

200 

250 

300  350   305   400 

450 

500   560 

600    651  660 

1 

i 

0   6.8 

20.'8 

25.2  30.2 

30.  '£ 

30.1 

30.  3*30.  5  3i:  0  3L  6 

24.819.814.0 

8.  0   1.  6     0 

i    1 

No.7 

0    30 

80 

120   130 

160 

180 

230  1  280   830  1  360 

380 

430   480 

580   580 

620 

1        t 

! 

0   6.  6 

16.8 

27. 427.  8 

30.8 

30.0 

29.8  29.7  30.0  30.4 

1 

28.  3  22. 817. 5 

11.2  5.2 

1 

0 

Na8 

0!  10 

30 

60    105 

110 

160 

2101260  805   310 

860  410 '4«0 

510 

560 

670 

i 

6   1.6 

4.4 

12.4,32.;: 

32.  U 

29.  t> 

29.  2  29  129.  OM.  7 

1         ! 

23.8 

18.  6 13. 0 

1 

7.8 

1.0 

0 

i 

No.» 

0    50 

100 

150 

200 

250 

800 

850 

400   450 

500 

650 

600  610 

1 

Oil  2 

1 

19:2 

33.  4  30. 2 

1 

29.  U 

29.-2 

29.4 

23. 6 18. 2 12. 8 

7.0 

1.0 

0 

1 
1 

Vo  10     

0 

50 

100 

150   166 

200 

250 

800 

860  366  400 

460 

500;660 

600 

605 

1 

A^  v*  &w  •••••••••• 

0 

&b 

16.3 

27.  2  30.  2 

( 

28.9 

2a7 

28.6 

28.6  28.6^4 

1 

18.2 

12.4  6.6  0.6 

i 

0 

1 

Xo.  11 

0 

50 

100 

150  aoo 

1 

250 

800 

850 

400 

450   500 

660 

570 1 

1 
1 

^^ ^/.  *&«•••«•  •  •# 

0 

9.4 

2i.2 

30.  0  29. 2 

i 

28.4 

28.] 

27.8 

21.2115.018.8 

2.4 

0    1 

1 

Vo.l2 

0 

30     80 

90     180 

180 

230 

280 

290 

8301880 

430 

480|626 

A^  *r«  *Mi  ••••••  • 

0 

8.  8  25. 6 

30.  2  29. 4 

j 

-28.3 

28.0 

27.7 

27. 7|23. 017. 6 

11.  2 

5. 4l   0 

1 

Wo.18 

0 

50 

100 

130 !  150 

200 

250 

800 

830I850  400 

460 

600  660| 

1 

A^  %P*   AW  •••••••••- 

0 

6.6 

21.2 

30. 4'29. 4 

1 

28.9 

28.3 

28.1 

28.126.0  19.4 

12.86.4'  0  i 

! 

1 

N«.14 

0 

0 

25 
7.4 

75 
2L6 

110  1 125 
32. 231.  6 

t 

175 
28.4 

225 
27.6 

275 
27.4 

825  875  426 
27. 2127. 6  27.0 

475 
27.0 

625  660  1  575 

27.0  27.0  25.4 

1                1 

6X5 
19.0 

675 
13.0 

725 
6.6 

7T5 
0 

»«.16 

0 

45 

95 

145   160 

195 

345 

295 

345  1  895  445 

495 

646  SW   610 

645 

695 

745 

705 

818 

0 

5.6 

14.6 

25.2^.4 

27.4 

20.6 

26.4 

26.226.0  26.0 

26. 0  26. 0  26. 0  26. 0 

21.4 

15.2 

9.0 

2.4 

0 

Ua  16 

0 

50 

100 

150   160 

200 

250 

800 

850 

400   450 

SOO 

650  600   610 

660 

700 

750 

800 

610 

0 

7.2 

14.4 

26.8  28.8 

26.4 

25.8 

23.4 

-25. 2  25.  0  25. 0 

i 

25. 6  25. 0  2&  0  25.0 

19.4 

13.2 

7.2 

LO 

0 

No.  17 

0 

50 

100 

115!  150 

200 

250 

300 

350  400  450 

500   550   665  600 

660 

700 

760 

766 

0 

&2 

21.0 

28.025.5 

24.5 

24.5 

-24.5 

24. 0I24.  b  24. 6 

24.0  24.0  24.0  20.0 

14.0 

8.0 

L6 

0 

No.  18 

0 
0 

10 
1.2 

60 

772 

110  ■  160 
13.219.4 

190 
22.2 

210 
22.2 

260 
82.2 

310 
22.2 

340   360 
22.120.8 

410  i  460  1  510 !  520 
14. 2{  8. 2   1.6!   0 

!             1 

No.  19 

0 

5 

55 

105   155 

165 

205 

255 

305 

315 '  355 

405  1  455 ;  475  1 

A 

0 

0.6 

6.5 

13.520.0 

21.0 

21.  :i 

21.  -i 

21.  2  21. 2 16.  5 

1 

10.  0  3.  2     0  ' 

■ 

No.  21 

0 

28 

78 

128 1 168 

178 

228 

278 

813   328   378 

428   448         ' 

0 

3.8~ 

9.0 

14.818.0 

18.  U 

18.0 

18: 0 

18. 1115.  5  8. 5' 

1 

2.0     0 

) 

No.  23 

0 

20 

70 

120   100 

170 

220 

270 

310 

320  1  370 

420   450 

I 

0 

2:4 

7.8 

13.718.4  18.3 

17. 7  17.  5 

17.  5  16.  0  10.  0 

3.6     0    .         ! 

1 

See  Table  Na  7  for  mean  ordinatee,  areas,  distance  between  sections  and  volames. 
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LK  No.  7. — Estimates  of  canal  and  hasi/n^  1883;  table  showing  mean  ordinateSf  areaSy 
id  volumes  within  the  limits  of  the  slopes  of  canal  and  basin,  and  the  lines  of  bottoms  of 
nal  and  lake  in  1883,  including  dredged  volume. 


S«otJons. 


No. 

No. 

No. 

Na 

Na 

No. 

No. 

Na 

Na 

NalO 

Nail 

Nal2 

Nal8 

NaU 

Nal5 

Nal6 

Nal7 

Nal8 

Nal9 

N6.21 

Na28 


Total 


Mean  ordi- 
nate. 


15.1 
19.0 
l&l 
17.3 

ao.2 

19l7 
2a4 
17.1 
17.5 
18.0 
17.0 
1&7 
19.0 
21.2 
19.2 
1&6 
l&l 
13.1 
12.6 
ILl 
ILO 


Area. 


10, 
13, 
11, 
12, 
12. 
13, 
12, 
11, 
12, 

11, 

11. 

10. 

10, 

17, 

1«, 

15, 

14, 

7, 

«, 

5, 

5. 


082.0 
068.3 
048.2 
385.0 
988.2 
48817 
905.6 
853.0 
220.0 
505.2 
080.0 
23&0 
403.5 
188.0 
854.6 
910.0 
788.2 
810.5 
876.0 
855l4 
338.6 
0 


Diatuice 
between 
sectiona. 


520 
381 
492 
475 
285 
872 
422 
330 
282 
540 
800 
804 
405 
430 
439 
433 
340 
658 
418 
674 
766 
1,815 


Qnantitiea. 


(hUne  yards. 

74, 997. 5 

162, 815. 4 

219, 363. 0 

205,822.8 

137. 056. 0 
182,096.7 
206,07&2 
148,145.6 
101, 225. 8 

237. 152. 1 
125. 236. 6 
119,758.6 
155,482.6 
166, 357. 6 
276, 57L  6 
262,686.8 

192. 890. 8 

318. 294. 2 
110,508.2 
127,566.2 
151. 622. 6 

107. 907. 9 


8,789,632.7 


See  Table  No.  6  for  co-ordinatea. 
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Table  No.  8. — Showing  fill  in  inner  harbor  within  the  limits  of  the  slopes  of  canal  and 
basin  from  1882  to  1883  (see  profiles).  In  the  fractions^  the  numerator^  denotes  the  dis- 
tance measured  from  the  shore  edge  of  the  slope^  the  denominator^  the  fill  at  that  distance 
within  limits  of  proposed  excavation. 


Sectlonii. 


r4  o.  2  ...-••• ' 
THo.  3  ...••••  < 
No.4 

No.  6 

No.7 

No.8 

X%  0«  V. •«•••••• 

No.  10 

Nail 

No.  12 

No.  13 

NO.U 

No.  16 

No.  16 

No.  17 

No.  18 

No.  19 

No.  21 

No.  23 


Ordinatoe  and  dUtaiices. 


50 


10 


5. 2  5. 4 


50 

iTo 

15 
2.4 

20 
3.2 

50 
4.0 

50 
4.8 

30 
1.6 

10 
1.6 

20 
2.8 

40 
4.8 

40 
6.4 

30^ 
7.2 

35 
2.8 

25 

7.4 

25 
2.0 

30 
8.8 

10 
1.4 

10 
1.2 


100 
2.2 

35 
4.0 

30 
2.8 

60 
4.4 

100 
5.2 

80 
4.0 

30 
4.4 

50 


0.6 
28 


3.8 

20 
2.4 


50 


5.4 

50 
6.6 

80 

7.4 

50 


2.6 

7^ 
6.6 

45 
2.2 

50 
3.8 

50 
2.6 

60 
5.8 

50 


5.7 

48 
5.6 

50 
2.4 


100 

7.0 

150 
5.2 

65 
2.0 

80 
3.0 

100 
4.0 

160 

i.8 

130 
6.0 

60 
4.0 

100 

2. 6|3.  0 


150 
12.5 

200 


155 
12.8 

250 


4.0   6.6 


100 


4.6  5.8 


100 
5.2 

130 
7.8 

100 
3.0 

100 
6.0 

95 
3.2 

100 
1.0 

100 


2.0 

110 
5.8 

55 
5.6 

78 


5.2 

70 
5.2 


115 
3.0 

130 

4.8 

150 
4.0 

200 
4.2 

140 

6:6 

80^ 
5.2 

150 
4.0 

150 


150 
7.0 

180 
8.4 

120 


2.9 

125 
4.4 

146 
5.2 

150 
2.6 

150 
3.2 

160 
5.6 

105 
6.0 

128 
4^4 

120 
5.2 


165 
2.6 

180 
3.4 

200 
5.4 

250 

4.8 

180 
4.6 

110 
5.4 

200 
3.8 

200 
7.0 

200 
7.6 

2.30 

8.0 

150 
6.6 

175 
8.0 

170 
6.0 

200 
2.8 

175 
4.2 

186 
7.6 

155 


5.4 

178 
5.2 

170 
5.2 


200  1225 

lieiri^s 

300   350 

7.418.4" 

2151265 
3.  6  I  5.  0 

230  I  280 
4.2   4:6 


2501260 

14.  8  15.  2i 

370  I  400 
9  2|8.4 

315 !  365 


5.2 


5.4 


330  1 .380 


2M 
5.0 

300 
5.6 

2»0 
5.8 

130 
5.2 

250 
6.6 

225 
872 

250 

7.8 

280 
7:8 

200 

8.0 

225 
8.0 

195 

S.8 

225 

6.8 

200 

7.7 

210 
7.6 

205 


6.2 
228 


5.4 

220 

4.8 


300 
5.0 

350 
5.6 

280 
5.8 

160 
5.0 

800 
6.2 

250 
8.0 

300 
7.8 

330 
7.8 

260 
7.6 

275 
8.6 

245 
6.7 

260 
7.2 

250 


6.8 

260 
7.6 

265 


6.4 

278 
5.4 

270 
5.2 


5.4 

350 

2.8 

400 
6.4 

330 
5.8 

210 
6.2 

350 
7:2 

300 
8.2 

350 
8.0 

380 

7.8 

300 

7:8 

325 
9.5 

295 
8.8 

8.2 

300 
7.6 

28^ 
7.6 

805 


6.4 

328 
5.2 

320 
5.0 


5.4 

400 
4.6 

450 
6.4 

.180 
6. 6 

260 
6.4 

400 
6.6 

350 

&0 

400 
7.6 

430 
7.4 

350 
8.4 

375 
9.4 

345 
9.0 

325 
8.5 

850 
9.3 

810 


7.2 

355 
6.2 

378 

4.8 

370 


5.0 


300 

3.10 

350 

400 

450 

455 

500 

550  600 

14.813.6i4.8!l7.2i20.0 

1    1    1 

20.0jl5.8 

11.0 

6.2 

410 

450 

475 

500 '  550 

585 

600 

650 

062 

8.4  9.4 

10.  2  9.  2 

9.2 

8.6^ 

6.6 

1.0 

0 

415  1  465 

515 

565 

605 

1 
1 

5.  0  5.  0 

4.4 

4.0 

0 

430 

4801530 

580 

610 

630 

660 

5.4:5.4 

6.2  6.4 

6.6 

3.8 

0 

4.1O  500 

560 

586 

600 

040 

5.6 

5.8 

6.2 

6.8 

5.0 

0 

475 

.500 

550 

600 

605 

650 

660 

5.8 

6.2 

7.2 

7.6 

7.2 

1.6 

0 

430 

480 

530 

565 

580 

620 

6.6 

7.0 

7.6 

7.4 

5.2 

0 

310 

335 

360 

410 

460 

510 

560 

570 

6.6 

7.2 

7.4 

7.2 

7.8 

7.8 

LO 

0 

460 

600 

550 

600 

610 

7.2 

7.0 

7.0 

1.0 

0 

400 

450 

500 

556 

600 

606 

7.4 

7.2 

6.8 

6.6 

0.6 

0 

460 

500 

516 

650 

570 

7.4 

7.0 

6.8 

2.4 

0 

460 

480 

525 

7.4 

5.4 

0 

400 

450 

490 

500 

650 

8.4 

8.2 

7.8 

6.4 

0 

425 

475 

525 

575 

625 

675 

725 

735 

775 

8.8 

a  6 

7.4 

6.8 

6.3 

6.6 

6.2 

5.1 

0 

870 

895 

445 

495 

645 

595 

646 

695 

745 

9.0 

9.4 

10.0 

10.4 

9.2 

7.4 

7.2 

6.6 

6.4 

350 

400 

450 

600 

550 

600 

650 

700 

750 

8.7 

9.4 

10.2 

8.4 

8.0 

7.4 

6.3 

6.6 

5.2 

400 

450 
9.3 

500 
8.4 

660 
7.4 

600 
6.3 

660 
5.5 

700 

728 

760 

9.3 

4.8 

4.4 

L6 

360 

410 

460 

478 

510 

620 

6.2 

6.0 

6.2 

6.2 

1.6 

6 

405 

435 

455 

475 

6.2 

5.6 

3.2 

0 

408 

428 

443 

4.8 

2.0 

0 

410. 

420 

450 

4.8 

3.6 

0 

650{ 
0 


777 


5u0 
765 


795 


m 

0 
8OOI8IO 


LO 


See  Table  No.  9  for  mean  ordinates.  maximam  ordinates,  areas,  distanoes  between  sectiona,  yolamea. 
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Table  No.  9.  Showing  Jill  in  inner  harbor  from  1882  to  1883,  within  thf  limits  of  the  8lope$ 
of  canal  and  btisinj  mean  ordinateSf  maximum  ordinate,  areas,  distance  between  seotiont, 
folumet. 


Section«. 


No 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No.  10 
No.  11 
No.  12 
No.  13 
No.  U 
No.  15 
No  1« 
No.  17 
No.  18 
No.  19 
No.  21 
No.  23 


Total 


llaxiroam 
ordinat««. 


17.2 

10.2 
5.4 
6.6 
&8 
7.6 
7.6 
7.8 
7.2 
8.2 
8.0 

a4 
a4 

9.5 
10.4 
10.2 
9  3 
7.6 
6.4 
5.4 
5.2 


DlHtnnce 

neAu 

Areas. 

betw«*eii 

llUttiOB. 

Mictions. 

11.6 

7, 681. 2 

520 

6.0 

3. 929.  0 

381 

3.4 

2, 3»i2.  0 

492 

4.2 

3,  038.  0 

475 

4.3 

2,  891.  0 

205 

4.9 

3.  48(1.  5 

372 

5.0 

3, 3()2.  0 

422 

4.9 

3,  334.  0 

330 

4.3 

3.  084.  0 

232 

5.  5 

3.  7fi6.  0 

540 

5  8 

3.741.5 

3(K) 

6.3 

3.  694.  5 

304 

5  3 

3,  338  0 

405 

6.4 

5, 44.3.  5 

430 

5.9 

5.  454.  1 

439 

5.4 

4.866.4 

433 

5.1 

4.  563.  0 

340 

5.1 

3.  0^5.  4 

658 

4.5 

2,  593.  5 

418 

4.0 

2.  OtW.  2 

574 

3.8 

2,004.0 

766 

1.315 


Qaantities. 


Cubic 
53, 
80. 
56. 
47. 
31. 
43, 
52, 
40 
27. 
68. 
41, 
41, 
52, 
56. 
88, 
82. 
50, 
98. 
43, 
49. 
58, 
39, 


yard*. 

916.3 

464.8 

716.7 

375.7 

370. 1 

829.9 

996  9 

.'>53.  3 

566. 

678. 

874. 

861  9 

71'2.  (» 

890.6 

593. 4 

711.0 

460.2 

369  2 

677.9 

425.  6 

587.7 

659.5 


7 
0 
4 


1. 255, 486. 4 


See  Table  No.  8  for  co-ordinates. 


Tablk  No.  10. — The  amottnt  of  material  excarated  each  month  by  the  dredge,  the  amount 
taken  from  the  basin,  temporary  canal,  and  West  Pass,  and  totals. 


Dredffing. 


Cnbic 
yards. 


H.  Ex.  37- 


Material  dredf^fd  dnring  April 52. 715 

Material  drtHlfted  during  May 83,635 

Materi>tl  drt'dtfod  diiriu;;  June ;  60,589 

Material  dre<lced  diirin;;  .July.   —    [  83.  .354 

Material  dredgwl  diirinj!  August Z\  500 

MaUM-ial  dredged  during  September 34, 152 

Totol 350.035 

Material  taken  from  basin    244, 456 

From  canal  tu  deep  wat4*r  in  lake 9o.  662 

Taken  from  West  Pass 14,  917 

Total 350.035 


29 
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L  4. 

report  op  h.  d.  gardbn,  assistant  rnoinkkr,  upon  lever  work  on  the  tensas 

front,  third  di8tiuct. 

United  States  Enginekk  Offick, 

licksburg,  Mha.y  October  »,  1883. 

Sir:  In  compliance  with  yonr  instrnctions  of  the  3d  instant,  to  **prepan^  a  concise 
report  of  levee  work  on  the  TenaaH  Front,  for  embodiment  in  the  annnal  report  of 
the  Commit^ion/'  I  have  the  honor  to  8nhmit  the  following  tabulated  statement  and 
remarkH  on  the  levees  under  my  direction  in  Loniniana : 

TABULATED  STATEMENT. 

Levees  f  Tensas  front  j  in  Louisianaj  Third  LMtttritt, 


Karnes  of  leveet. 


Average 
height. 


Length  of 
levee. 


TTppt-r  Providence 

Hagaraan  Point .      

Wilton  to  Raleigh    

Ralei-h  to  Willow  Point 

Omega  

Cabin  Teele 

Sparta      

Delta  to  Bedford  

Panther  Foreat 

Duffin  Break    


6 
7 
12.6 


0 

0.5 
6 
0 


6.7 


Feet. 

7.  283 

1.9«3 
23.5XH 

9,648 
16.310 
13,  621 

6.771 
28.  -^87 
26,3M0 
1U,9«(> 


Contents 
(completed). 


Oubic  yard*. 
46.  h57  7 
14,  3U.5.  2 

34:i,  087.  7 
41.287.7 

1.99.  059.  7 
90,  ()02.  2 
3JI.  l.'>6.  9 

24^3.  903.  3 

163.182.0 
80,  246. 0 


Amount,  Nov- 
ember 1. 1883. 
yet  necenawry 
to  complete. 


Cubic  yards. 
99.381.6 


Names  of  levees. 


Width  of 
crown. 


Front  slopes. 


Upper  Provrdenc^ 

Hagaman  Point 

Wiltim  to  Raleigh  . . 
RaleightoWillow  Point 

Omega  

Cabin  Teele 

Sparta  

Delta  to  Bedford 

Panther  Forest 

Duffin  Break 


Fett. 

8 

8 
8  and  6 

8 
Sand  7 
8  and  6 
Sand  7 

6 

S,  6,  and  3 

•       8 


3tol 
3tol 
3, 4,  and  5  to  1 
BU*  1 
3  to  1 

3  t4J  1 

3  tol 

3  to  1 

3, 3i  and  2  to  1 

3i  tol 


Back  slopes. 


3  tol 

3  to  1 

3  tol 

Sand  2^10  1 

3  and  2$  to  1 

3  and  2}  to  1 

3  tol 

2it<»l 

2i2and  litol 

2iana2  tol 


Height  of  net 

gtadea  above 

high-wat-er 

mark  of  lbS2. 


Feet. 
1.5 
1.5 
1.5 
1.5 
0.5 
0.5 
11 
0.5 
.53 
.3 


Height  of  gross 
or  hhriukage 

grade  abovf  high- 
water  mark  of 
1882. 


2.7 
2.9 
4.0 


2.3 
1.8 
2.3 
2.3 

1.5 


NAME   OF   LEVEES  AND  REMARKS. 


Upper  Providence  levee,  East  Carroll  Parish,  Louisiana. — About  3  miles  above  the 
town  of  Pix>vitlence.     Work  begnn  Novenilier,  18^2.     Completed  February,  18^3. 

Hagaman  Point  levee,  East  Carroll  Parish,  Louisiana. — About  '2^  mile's  below  the 
town  of  Providence.  Work  began  February,  1^83.  Coni))leted  March,  188:J.  Peid- 
ing  the  construction  of  this  work,  a  temporary  protection  levee  was  ordered  here  con- 
taining 2,029^1^  cubic  yards. 

Wilton  to  Raleigh  levee,  East  Carroll  Parish,  Lonisitina. — Work  began  on  this  levee 
in  October,  1882,  and  with  as  large  a  force  as  the  contractors  could  collect,  progressed 
from  each  end  tow^ards  the  center,  until  the  suspension  on  account  of  the  liood  in 
March,  18813,  at  which  lime  there  was  a  gap  of  1^  miles  on  which  very  little  work  had 
been  done.  The  river  bank  along  this  front  is  very  low,  and  the  water  rising  rapidly 
in  February  it  was  deemed  imposMible  with  the  force  on  hand  (between  four  antl  tive 
hundred  men)  to  fill  up  the  gap  before  the  overflow  ;  protection  levees  were  therefoi-e 
ordered  to  connect  the  new  work  with  the  *'Old  Front  levee."  The  upper  protection 
sustained  the  pressure  of  the  water  and  saved  all  the  work  above  it,  but  the  lower  one 
succumbed  to  the  fast  rising  flood,  and  the  strong  current  ruKhing  rapidly  through  the 
main  line  swept  away  31,r>52  cubic  .yards  before  its  destructive  eflects  could  be  arrested. 
It  has  since  been  found  inexpedient,  on  account  of  insufilcient  funds,  to  continue  the 
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levee  on  the  originally  projected  line,  and  a  new  line  ban  been  adopted  connecting  the 
main  work  with  the  Old  Front  lev*  e,  which,  on  iuHpectiou  of  the  bank  in  front  and 
with  the  necessary  repairs,  is  found  to  be  entirely  safi)  and  practicable.     Work  was 
resumed  on  this  levee  in  September  with  a  coiisi  lerable  fore*'  of  teams  and  scrapers, 
and  in  all  probability  it  will  be  completed  by  Decemb  t  15,  18^S3. 

Haletgh  to  WUlmc  Puiut  levee,  East  Carroll  Parish,  Louisiana. — Work  here  consists 
in  repairs  of  an  old  levee  and  tillin<;  up  a  unmber  of  short  gaps  in  the  same.  Began 
November,  lb82,  completed  February,  18^. 

Omtga  levee,  Mailisou  Parisli,  Louisiana. —Two  miles  above  Milliken's  Bend.  Work 
coninieiiced  October,  lrii^3.  Suspended  iu  March,  IH83.  No  damage  done  by  the  flood. 
Contractor  expects  to  resume  work  at  once,  and  ought  to  coni|uete  the  levee  in  a 
month. 

Cabin  Teele  levee,  Madison  Parish,  Louisiana. — One  mile  below  Milliken's  Bend. 
Work  began  Ntivember,  18"<*2.     Comi»lefed  Kebraary,  1883. 

Sparia  levee,  Madisim  Parish,  Louisiana,  near  Duck  port.  — Work  began  in  Novem- 
ber. l-vCii.     Completed  February,  1H8:J. 

Delia  and  Bedford  levee,  Madison  Parish,  Louisiana.  Begins  at  Delta  opposite  Yieks- 
barg,  Miss. 

Work  began  November,  1882.  Suspended  March  24,  1883,  on  account  of  high  water, 
lacking  48,428  cubic  yards  of  completion.  Resumed  in  July  and  completed  in  October, 
18Ki.  This  work  was  very  far  advanced  when  the  river  began  to  rise  in  February,  but 
a  gap  of  1 ,  100  feet  still  remained,  on  which  scarcely  any  work  had  been  done,  rendering  the 
entire  condition  of  the  new  levee  (composed  of  a  soft,  siindy  material)  very  precarioos 
should  a  torrent  of  water  succeed  in  rushing  through  the  main  line.  This  made  the  con- 
stmction  of  a  protection  levee  along  a  portion  of  the  river  bank  in  front  of  the  exposed 
points,  and  connecting  with  the  .completed  work,  an  absolute  necessity,  and  by  dili- 
gently watching  and  keeping  up  this  protection  for  a  period  of  nearly  four  months  the 
entire  work  was  finally  saved. 

GENERAL  BEMABKS. 

The  construction  of  these  works  has  been  required  to  be  of  the  most  substantial  char- 
acter. Alter  location  of  the  line,  the  ground  is  thoroughly  cross-sectioned  for  the  pur- 
pose of  slope-staking  and  obtaining  accurate  results  in  the  calculation  of  cubic  contents. 
A  muck  ditch  is  cut  near  the  center  line  to  stop  all  leaka^ge  that  might  occur  from  crayfish 
holes  or  vegetable  matter  imbedded  in  the  soil;  an  addition  of  one-fifth  of  the  net  height 
is  put  on  tor  shrinkage  and  the  faces  well  sodded  with  live  Bermuda  grass  before  the 
levee  is  accepted. 

On  account  of  the  limited  amount  of  funds  appropriated  for  each  of  the  above  levees 
in  only  one  instance  (that  of  Wilton  and  Raleigh,  which  is  a  low  and  dangerous  point) 
was  the  net  grade  line  put  above  the  level  of  the  old  levees  adjoining,  nor  do  I  think  it 
would  have  been  advisable  to  raise  them  any  higher  unless  the  entire  length  of  the 
levee  on  the  Louisiana  shore  in  this  district  could  have  been  raised  and  enlarged  simul- 
taneously. 

It  will  be  seen  from  an  inspection  of  the  table  that  high-water  mark  of  1882  was  very 
near  the  crown  of  the  levee  at  nearly  all  these  points,  and  that,  too,  when  the  flood  line 
must  have  been  very  much  lowered  on  the  river  by  the  discharge  of  an  enormous  volume 
of  water  through  the  Duffin,  Panther  Forest,  Ashton,  Wilton,  and  Raleigh,  Omega,  and 
Delta  breaks,  as  well  as  those  on  the  Yazoo  front.  It  is  more  than  probable  that  in 
the  event  of  a  similar  flood,  the  recent  closing  of  all  these  crevasses  will  raise  the  flood 
line  above  the  top  of  the  Louisiana  levees  as  they  now  stind,  at  nearly  all  poinU^,  and 
cau.se  a  disastrous  destruction  of  work  already  put  up  at  such  great  expense.  To  render 
it  entirely  safe  against  an  ordinary  overflow,  therefore,  will  require,  in  my  opinion,  an 
additional  average  height  of  3  feet,  with  corresponding  enlargements  all  along  the  entire 
length  of  the  levee.  In  the  absence  of  a  continuous  levee  survey  from  a  point  opposite 
Warrenton  to  the  Arkansas  line,  I  can  only  give  an  approximate  estimate  of  the  amount 
of  material  necessary,  and  cost.  Assuming,  which  I  think  is  nearly  correct,  the  average 
dimensions  of  the  levee  to  be  8  feet  high,  7  feet  crown,  and  3  and  2J  to  1  slopes,  to  raise 
the  .same  3  feet  with  an  8-foot  crown  and  3  and  3  to  1  slopes  would  take  42,826  cubic 
yanis  per  mile,  at  an  average  cost  of  25  cents  per  yard,  $10,706.50.  Cost  for  80  miles, 
which  is  about  the  length  of  the  Louisiana  levees  in  tms  district,  $856,520.  Add  20  per 
cent  for  cost  of  new  levees  that  may  be  necessary,  and  incidental  expenses,  $1,027,824. 
Very  respectfully,  your  obedient  servant, 

H.  D.  GARDEN, 

Assistant  Engineer. 

Capt.  W.  L.  Marshall, 

Corps  of  Engineers,  U.  S.  A. 
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BIBPOBT    OP    QBORGE  M.    HELM,    ASSISTANT    ENOINEKB,    UPON    LEVEE   WOBK  ON  THE 

YAZOO  FRONT,  THIBD   DISTRICT. 

Gbbenville,  Miss.,  November  15,  1883. 

Sib:  Iu  accordance  with  your  request,  the  following  report  of  operations  under  mj 
oharge  on  levee  construction  on  the  Yazoo  front,  third  district,  in  connection  with  maps 
and  profiles  of  each  project  of  work  done  by  the  river  commission,  together  with  a  port- 
folio profile  of  survey  of  levees  sent  on  heretofore,  is  respectfully  submitted. 

This  survey  was  commenced  by  the  ^'Mbssissippi  Levee  Board'*  in  March,  1882,  and 
was  under  your  instructions  finished  from  Leota  to  the  Warren  Ck>unty  line,  December 
9S5f  1882.  It  covers  the  entire  district  of  the  "  Mississippi  I^vee  Board  '*  from  Totten's 
Ridge,  north  of  Hushpukiia,  in  Coahoma  County,  through  Bolivar,  Washington,  and 
IflBaquena  Counties,  to  the  Warren  County  line,  a  distance  of  1,050,200  feet,  or  2^.04 
miles. 

Levees  were  run  with  reference  to  Memphis  datum  plane,  and  U.  S.  P.  B.  M.,  and  the 
average  fall  of  the  river  from  Hushpukna  to  Greenville  found  to  be  0.377  foot  per  mile, 
and  from  Greenville  to  the  Warren  County  line  O.'MHi  foot  per  mile.  Average  fall  from 
upper  to  lower  end  of  district  0.304  f<x)t.  Average  height  of  levees  above  Greenville, 
not  including  Hushpukna  and  Lake  Bolivar  crassings,  8.05  feet;  avenige  height  below 
Greenville,  6.06  feet;  height  of  Hushpukna  levee,  36  feet;  height  of  Ijake  Bolivar  levee, 
24  feet. 

The  following  statement  will  exhibit  the  length  of  Jevee  constructed,  amount  of  work 
embraced  in  estimates  returned  to  date,  and  amount  of  cubic  yards  to  complete  same, 
with  specificiitions  of  all  work  done  in  your  district  from  October  1,  1882,  to  November 
1,  1883: 
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NAMES  OF  LEVEES  AND  BEMABK8. 

Riverton  levee^  Bolivar  County,  Mismmppi. — Two  miles  below  Rosedale;  average  height, 
9.59  feet;  work  began  November,  1882,  and  completed  January,  1883. 

Beulah  breaks^  1  <o  9  inclusive, — On  north  bank  Lake  Beulah,  Bolivar  County,  Missis- 
sippi; average  height,  6,5  feet;  work  began  October,  1882;  completed  December,  1882. 
The  grade-line  being  fixed  at  the  same  as  that  of  the  old  levees,  was  too  low  on  several 
of  these  breaks,  and  after  being  finished  had  to  be  raised  by  the  Levee  Board  to  keep 
the  water  of  1883  from  running  over. 

Beulah  to  Riverton  enlargement,  Bolivar  County,  Mississippi. — Average  height,  1.72  feet; 
work  began  November,  1882;  completed  March,  1883. 

Beulah  to  Hughes  enlargement,  Bolivar  County,  Mississippi,  including  Clear  Creek  break. — 
Average  height  enlargement,  1.6;  average  height  Clear  Creek  break,  21.6;  work  began 
November,  1882;  not  quite  complete. 

Hughes  break,  south  of  Lake  Bt^lah,  Bolivar  County,  Mississippi. — Average  height,  9.35; 
commenced  work  November,  1882;  completed  January,  1883. 

Wade  break,  north  of  Lake  Bolivar,  Bolivar  County,  Mississippi. — Average  height,  11.5; 
work  began  November,  1882;  completed  March,  1883. 

Clay  and  Bagot  to  Rowlands  (OitfishPmnt),  Bolivar  (hunty,  Mississippi. — Average  height, 
1.45;  commenced  work  November,  1882;  not  yet  completed. 

Rowlands  to  Senkins,  Catfish  Point,  Bolivar  County,  Mississippi. — Average  height,  2.85; 
commenced  work  October,  1882;  not  yet  completed. 

Jenkins  to  Easton,  opposite  foot  of  Lake  Bolivar,  Choctaw  Bend,  Bolivar  County,  Missis- 
sippi— including  Bolivar  Bayou  and  Easton  breaks. — Average  height  enlargement,  1.94; 
average  height,  Bolivar  bayou,  11.2;  average  height,  Easton  break,  11.2. 

Longwood  levee,  \Va.shington  County,  Mississippi. — Protection  levee,  Washington  County, 
Missiiisippi.  Average  height  main  levee,  10.33;  average  height  protection,  7.26;  com- 
menced work  November,  1882;  completed  January,  1883.  The  contractor  not  having 
the  main  levee  completed  in  time  for  high  water  of  1883  a  protection  levee  was  con- 
structed by  the  contractor. 

Skipwith  levee,  Issaquena  Qmnty,  Mississippi. — Average  height,  7.39;  commenced  work 
November,  1882;  completed  April,  1883.  It  was  necessary  to  enlarge  the  old  front  levee 
as  a  protection  to  this  point.  This  work  was  done  by  day  labor,  and  the  cost  is  repre- 
sented by  ''pay-rolls'*  in  your  office. 

EUesli^  levee,  Issaquena  County,  Mississippi;  Elleslie  protection,  Issaquena  County,  Mississippi; 
drainage  ditch. — Average  height  main  levee,  9.08;  commenced  work  November,  1882; 
completed  July,  1883.  That  portion  of  the  line  connecting  the  main  back  levee  with 
the  front,  being  at  right  angles  with  the  river,  was  built  with  a  crown  of  only  4  feet. 

Shiloh  levee  enlargement  and  new  levee  at  Arcadia,  Issaquena  County,  Mississippi. — Average 
height  of  enlargement.  1.41;  average  height,  Arcadia,  6.64;  commenced  work  Novem- 
ber, 1882;  completed  March,  1883.     The  rapid  caving  of  the  river  bank  at  Arcadia  made 
it  necessary  to  construct  a  new  levee  across  an  angle  at  that  point. 

Magmi  Vista  to  Chotards,  Isscuptena  County,  Mississippi;  enlargement  Higgins  Break. — Av- 
erage height  of  enlargement,  2.41;  average  height  of  Higgins  break,  5.06;  commenced 
work  November,  1882;  completed  Januaiy,  1883. 

In  addition  to  the  above-mentioned  work  done  under  your  direction  in  the  third  dis- 
trict is  the  following  in  Coahoma  County,  which,  being  a  small  amount,  is  reported  here- 
with, to  avoid  a  separate  report  to  Major  A.  M.  Miller,  Corps  of  Engineers,  United  States 
Army: 


Leng:th  of  levee,  feet 

Contents  completed,  cubic  yards „ 

WWth  of  crown,  feet ; 

Front  slopes 

Bitck  slopes 

Heigrht  of  net  grrade  above  hlRh  wat-er  mark  of  1882 

Height  of  gross  or  shrinkage  grade  above  high-water 
mark  of  1882 


Parker's  en- 
largement.* 


Lake  Charles 
levee.f 


3,184 

39,756 

6 

3tol 

3tol 

1.86 

8.86 


17,924 

78,567 

8 

3  and  4  to  1 

2  and  3  to  1 

2.3 

2.87 


Tot«a. 


21,108 
118,323 


^Average  height  2. 85.    Commenced  work  November,  1882 ;  completed,  March,  1883. 

t  Average  height  10  feet.    Commenced  work  November,  1882 ;  completed,  January,  1883. 


I  acknowledge  with  pleasure  the  efficient  manner  in  which  my  assistants,  Messrs.  W. 
L.  Starling,  Robert  Somerville,  £.  Mason,  J.  S.  Martin,  and  T.  W.  Helm,  have  performed 
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their  duty  in  the  field.  Also,  I  am  indebted  to  W.  L.  Starling  and  Robert  Blakemore 
for  valuable  services  in  the  office. 

Belie^'ing  it  will  be  a  matter  of  general  interest  to  know  how  the  Mississippi  Levee 
Board  have  carried  out  their  promise,  viz,  that  should  their  district  receive  an  allot- 
ment from  the  Miasissippi  River  Commission  they  would  expend  two  hundred  thousand 
($200,000)  dollars  in  levee  construction  and  repairs,  and  being  their  representative  also, 
I  append  a  statement  of  the  amount  of  the  work  done  by  them,  embraced  in  estimates 
returned  from  July  10,  1882,  to  October  1,  1883,  and  cost  of  same,  represented  by  ab- 
stract of  secretary  and  treasurer's  report. 

I  have  also  made  an  approximate  estimate  of  earth-work  required  to  raise  the  levees 
of  this  district  3  feet  above  high  water  of  1882,  based  upon  a  crown  of  8  feet  and  slopes 
ofSandS  to  1. 

Earthwork  done  and  under  contract  by  Mississippi  Levee  Board  from  July  10, 1882,  to  October 

1, 1883. 


In  Coahoma  County,  MiHsissippi  ... 

Id  Bolivar  County,  MisHissippi 

Id  Wa«htng:ton  County,  MisAitMippi 
In  Issaquena  County,  Mississippi... 

Total 


Lengrth   of 
levee. 


C  on  tents 
(completed.) 


Feel. 

57, 461 

179, 156 

51,710 

5,871 


Cubic  yards. 
61,348 

51,497 
30, 831 


Contents  Octo- 
ber 1, 1883,  yet 
nei'esHary  to 
complete. 


Cubic  yards. 

1.5,009 
241,804 
241,500 

17,207 


294,196 


G96,r.60 


515,580 


Width    of 
crown. 


Feet. 


Back  slope. 


3tol 


In  Conhoma  County,  MissiHsippi '       3, 4, 6  and  8  »  »v  . 

In  Bolivar  County,  MissiHMippi 15, 8, 6, 4,  and  3  {  3, 4,  and  5  to  1 

Id  Washinf^ton  County.  MiH^insippi...  4,6,  and  8  i       3  and  4  to  1 

In  Issaquena  County,  Mi>Mi.ssippi '      3, 4, 6,  and  8  I      2  and  3  to  1 


Hifpht  of  net 
Krade  above 
hif^h- water 
mark  of  1882. 


2  and  3  to  1 

2, 3,  and  5  to  1 

2  and  3  to  1 

2  and  3  to  1 


2 

2.4 
2 
2  and  3 


I 


Recapitulation  of  work  done  in  Mississippi  U^vee  di^^trict. 


Lengrth  of     Contents 


Work  done  by  Mississippi  River  Commission  in 
third  district 

Work  done  by  Mississippi  River  Commission  in 
Coahoma  County,  Mississippi 

Work  done  by  Mississippi  Levee  Board  on  entire 
district 

Total 


Contents  Octo- 
ber 1,1883,  yet 


levee. 

(completed). 

necessary  to 
complete. 

Feei. 
301,306 

Cubic  yards. 
1,221,163 
118,323 
696,960 

Cubic  yards. 

21,108 

294,198 

15,580 

616,611 

2,038,446 

Estimate  of  earthwork  required  to  raise  the  Mississippi  levees  3  feet  above  high  water  of  1882, 

iMsed  upon  a  crown  of  8  feet,  and  slopes  of  3  and  3  (o  1. 

Cubic  yards. 

From  upper  end  of  district  to  a  point  opposite  White  River 1,  091,  880 

From  White  River  to  Greenville 1,828,899 

From  Greenville  to  Warren  County  line -. 1,003,350 

Total  amount  necessary 3,924, 129 


456  REPORT    OF    THE    MISSISSIPPI    RIVER    COMMISSION. 

Statement  of  cash  disbursed  hy  the  MissUnppi  Levee  Boards  second  Mississippi  district ^  J 

Juiy  1,  1882,  to  October  1,  1883. 

General  expense  account _ $1,  721 

Mileage  and  per  diem 1,291 

Officers*   salaries 6,  09] 

EnginoerH*  salaries _ __ 4,  371 

Contingent  engineering _. __ 5,211 

Righto  of  way _ 27,32: 

Bolivar  graduation  (new  levees) _ 110,00/ 

Coahoma  graduation  (new  levees) 7,46$ 

Washington  graduation  (new  levees) ._ 2, 14J 

Issaquena  graduation  (new  levees) 7, 631 

Repairs  and  enlargement  levees,  Coahoma  County _ 13,561 

Repairs  and  enlargement  levees,  Bol ivar  County 56, 25^ 

Repairs  and  enlargement  levees,  Washington  County 5, 26i 

Repairing  force  ( lioli var  and  Washington) 18,  53; 

Grading  and  repairing  levees _ _ _ 5,  84i 

Maintenance  of  levees 30( 

High  water  of  1882.. _ S,87i 

High  water  of  1H83 23,  63i 

Commissions  paid  collector _ _ _ 5,  21,' 

Commissions  paid  sherifl's _ 69' 

Certificate  of  indebtedness  paid 48,  94( 

Interest  paid _ 9,06^ 

Cotton  tax  refunded _ 16*. 

Land  sales  and  redemptions  refunded 47( 

Levee  construction-tax I 

Old  account  settled  by  suit  United  States  circuit  court 52( 

Totol _- 370,65,' 

CONDITION   OF   LEVEES   IN    THE    MISSISSIPPI   LEVEE    DISTRICT. 

They  are  much  better  than  ever  heretofore,  and  when  the  work  now  under  coni 
to  be  constructed  by  January  1,  1884,  is  finished  they  will  stand  from  1.1  to  2  feetal 
the  high  water  line  of  18S2,  with  the  exception  of  the  nine  breaks  of  Beulah,  whict 
a  tenth  of  a  foot  or  so  below.  Most  of  the  old  levees,  however,  were  built  with  si 
of  2  and  3  to  1,  and  with  6  feet  crown.  These  have  been  raised  in  many  instances,  \ 
same  slopes,  by  merely  capping,  giving  a  crown  of  3  and  4  leet.  These,  with  all  o 
levees  in  the  district,  except  Lake  Bolivar,  should  be  enlarsjed  to  a  crown  of  8  feet  i 
slopes  of  3  and  4  to  1,  with  a  grade  of  3  feet  above  the  high  water  of  1882,  and  all  t 
built  of  buckshot  or  clay  should  have  a  cement  wall  inserted  just  above  the  high  w 
line  on  the  front  slope  extending  down  through  the  levee  4  or  5  feet  below  the  nat 
surface. 

And  not  until  this  is  done,  nor  until  the  Mississippi  River  Commission  succeed  in  1 
plans  of  revetting  the  peninsulas,  thus  preventing  cut-ofls,  can  we  hope  for  permai 
levees  of  this  character.  They  are  too  costly  to  build  and  abandon  every  ten  or  fit 
years,  and  we  will  have  meanwhile  to  follow  the  old  plan  of  temporizing  with  inse 
levees,  for  it  is  well  demonstrated  that  the  normal,  or  that  curvature  that  brings  a1 
an  equilibrium  rendering  the  banks  st^ible,  is  of  such  small  radius  that  it  doubles  n 
itself  by  making  a  complete  curve  resulting  in  a  cut-off  and  loss  to  the  river  of  froi 
to  20  miles  in  distance — the  result  probably  of  a  half  century's  work,  besides  pro* 
ing  an  entire  change  in  its  regimen.  At  this  stage  the  river  commences  at  once  t< 
cover  the  distanc*e  and  curvature  lost,  and,  with  a  current  accelerated  by  the  incre 
fall,  dashes  against  the  banks,  erodes  and  awes  them  in  with  the  levees  in  excavati 
new  channel. 

Stop  cut-offs  and  the  river  will  go  steadily  and  continuously  on  without  intermp 
in  its  work  of  adjusting  its  rapid  current  to  the  sandy  soil  of  its  banks  by  gentle  cu 
ture  until  an  equilibrium  is  obtained.  At  this  period  a  map  of  most  sections  of  the  i 
would  resemble  the  letter  S,  there  would  be  few  reaches  or  tangents  in  its  course  b 
system  of  reverse  curves,  the  degree  of  curvature  varying  only  with  the  choracteri 
of  the  soil. 

We  are  now  threatened  by  cut-ofls  at  Caulk's  Point,  Ashbrook*s  Point  and  Tarp 
Should  either  of  these  occur  it  would  precipitate  others,  and  necessitate  the  enlargen 
and  raising  of  all  levees  below  with  new  locations  and  levees  in  many  places  on  I 
sides  of  the  river. 

In  accordance  with  your  request  the  following  illustrations  are  also  appended  and 
mitted  herewith,  viz,  cross-sections  A,  B,  and  E  of  levees  from  autotype  views;  tw 
and  C*,  showing  plan  of  revetting  end  of  levee  at  crevasses,  and  two,  D  and  E,  8ho> 
front  and  end  view  of  pile  dam  for  closing  crevasse: 
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Crosi-aection  A. — Represents  a  sloughing  levee,  and  illustrates  the  plan  I  have  found 
most  succeasful  in  treating  same.  They  occur  generally  in  new  levees  built  of  sandy 
loam  mixed  with  quicksand;  the  latter  is  generally  found  3]  or  4  feet  below  the  surface, 
and  specifications  should  provide  against  team  or  scraper  pits  of  greater  depth  than  3 
feet,  except  in  clay  or  buckshot  soil.  B  represents  a  brush  mattress  one  foot  in  thick- 
ness resting  upon  the  natural  surface  and  foot  of  displaced  slope,  extending  up  the  slope 
far  enough  to  brace  it,  the  brush  being  laid  straight  and  at  right  angles  to  the  line  of 
levee;  upon  this  brush  the  embankment  C  is  constructed  of  sufficient  weight  to  be  sta- 
tionary, to  brace  and  hold  the  slope  in  place;  the  sipe  water  then  passes  off  under  the 
cbrea  through  the  brush  without  loss  of  material. 

Croas-section  B. — To  guard  against  crawfish  borings  and  sipeage,  I  am  now  putting  in 
for  the  **I^vee  Board"  at  Vermillion  I^ke  levee  3,000  linear  feet  of  cement  wall,  h  inch 
thick,  and  extending  from  high-water  line  on  front  slope  of  levee  down  through  the 
levee,  sloping  i  to  1,  to  a  depth  of  4  feet  below  the  natural  surface,  which  makes  the 
wall  in  this  instance  12  feet  in  height.  Am  using  ^  Louisville  cement,  y^^  Grerman 
Portland,  and  it  sharp  sand,  and  am  keeping  an  exact  account  of  the  cost  per  square  yard 
as  data  for  future  work,  c  represents  an  excavation  in  the  front  slope  for  the  wall,  the 
material  of  which  is  placed  in  the  eulargemen  tat  d,  and  e  the  cement  wall.  The  excavated 
ditch  c  is  filled  and  tamped  as  the  wall  is  tilled  in.  I  am  satisfied  that  this  will  not 
only  keep  back  crayfish  and  prevent  .sipeage,  but  will  give  grciitej^trength  to  the  levee 
by  reiison  of  keeping  earth  dry,  and  will  render  clay  and  buckshot  levees  safe.  To  save 
cost  of  excavation  at  c,  I  am  now  trying  to  mature  a  plan  for  a  machine  to  be  driven  by 
a  small  engine,  constructed  somewhat  on  the  order  of  a  pile-driver.  In  pla(«of  the  ham- 
mer a  chisel-shaped  blade  is  to  be  used  to  cut  the  levee  longitudinally  from  the  high- 
water  level  on  front  slope  to  the  depth  required,  say  15  feet,  the  orifice  left  by  the  chisel 
to  be  filled  with  cement-grout. 

Cross-section  E. — This  is  an  exact  cross-section  of  the  Lake  Bolivar  levee,  constructed 
under  my  supervision  across  the  he-ad  of  the  lake  in  1882. 

An  effort  was  made  at  great  cOvSt  to  build  this  levee  in  1870  upon  the  natural  surface, 
by  the  engineer  then  in  charge  of  the  district,  but  owing  to  a  quicksand  foundation  the 
material  would  sink  and  spread,  and  it  was  found  impossible  to  build  up  after  15  feet  in 
height  was  reached. 

The  base  had  spread  six  hundred  (600)  feet  in  width.  A  vain  effort  was  kept  up, 
however,  to  build  it  to  the  required  height  of  22  feet;  but  little  progress  was  made,  and 
at  this  time  the  protection  levee  broke,  water  ran  over  the  work  and  swept  it  away.  In 
rebuilding  this  levee  I  used  a  mattress  foundation,  which  was  constructed  by  first  lajing 
poles,  from  6  t<j  8  inches  in  diameter,  longitudinally,  as  close  as  they  could  be  placed, 
breaking  Joints,  and  of  sufficient  width  to  extend  out  to  within  60  feet  of  the  slope- 
stake;  then  another  layer  of  poles  Wius  laid  on  the  top,  and  at  right  angles  to  the  first 
couree,  breaking  joints,  and  spiked  down  to  first  layer  at  intervals  of  5  feet  with  ship- 
spikes.  Upon  the  second  course  a  coating  of  brush  1  foot  thick  was  laid  parallel  to  sec- 
ond course;  standards  or  shrinkage  poles  were  then  firmly  set  in  the  mattress  and  secured 
by  spikes,  and  of  sufficient  height  above  grade  line  to  allow  for  the  anticipated  depres- 
sion of  mattress,  with  rings  on  the  poles  indicating  net  and  shrinkage  grade. 

Yazoo  Pass  levee  was  built  upon  similar  mattrcvss  by  M.  Meriwether,  and  the  levees 
cro*5ing  the  buyous  at  the  he  id  and  loot  of  Lake  Bolivar  were  built  by  me  in  1869  in 
this  way,  with  success. 

Reoctineat  C  and  C*. — The  ends  of  levees  at  crevasses  should  be  secured  at  the  earli^t 
possible  moment;  work  should  begin  at  each  end  simultaneously.  Sacks  should  be  filled 
with  earth,  tamped  and  securely  sewed,  and  if  the  water  should  be  of  greater  depth 
than  3  feet  the  sacks  ought  to  be  threaded  in  sections  upon  a  three-eighth  inch  cord,  and 
anchored  before  throwing  them  into  the  swift  current.  This  should  be  continued  until  a 
foundation  is  formed  up  to  the  wat«r  line  extending  from  lower  end  of  the  levee  around 
the  end  upon  the  upper  slope  from  30  to  60  feet  from  the  end,  then  carefully  place  your 
sacks,  breaking  joints  as  in  brick  work,  giving  ample  batter  on  the  front,  and  securely 
sewing  each  sack  as  they  are  laid  to  those  contiguous.  This  wall  should  be  continued  4 
or  5  feet  above  the  water  line,  in  order  to  get  the  necessary  weight,  and  pro\ide  for  un- 
dermining of  the  base  which  occurs  from  day  to  day,  rendering  constant  watching  and 
repairs  necessary. 

D  and  E. — D  shows  end  view,  and  E  three- fourth  front  view  of  a  dam  constructed  upon 
piling  6^^  6^^ — 14  feet  long,  driven  7  feet  in  the  ground  and  6  feet  apart  each  way,  with 
top  of  front  pile  made  firm  by  brace  F  against  rear  pile  where  it  enters  the  ground, 
also  as  at  (t  to  make  steady,  and  to  support  platform  for  extension  of  work.  Cross- 
timbers  H  12  feet  long  2^  by  8  inches  should  be  letdown  against  the  piling  on  the  upper 
side,  the  first  resting  edgewise  upon  the  ground,  the  second  about  the  water  line.     In 
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firoDt  of  these  \a  driven  sheet  piling  9  feet  in  length,  2}  feet  in  the  ground.     After  this  fill 
[between  brace  /^and  the  sheet  piling  'with  sand-bags,  then  with  earth  if  yon  have  it. 
Very  respectfully,  your  obedient  servant, 

GEO.  M.  HELM, 

U.  S.  Asst.  Kngr, 
Oapt  W.  L.  Marshall, 

Corps  of  Engineers^  U.  S.  .4.,  Vicksburg^  Miaa. 


L  6. 

PORT  OF    W.   a.    BLUNT,    ASSISTANT  ENGINEER,  UPON  A  SURVEY  OF  CHOCTAW  BEND 

REACH. 

Wilson's  Point,  La.,  February  1, 1883. 

Sir:  I  have  the  honor  to  forward  herewith  tracings  of  the  map  of  hydrographic  survey 
of  Choctaw  Bend  Reach  made  November  17-December  27,  1?^8'2,  under  your  direction. 

It  was  practically  a  low-water  survey,  the  gauge  at  Arkansiis  City  reading  8.6  to  13.8 
feet,  the  lowest  of  the  season. 

The  party  arrived  at  Bolivar,  Miss.,  on  the  evening  of  November  16,  in  tow  of  the 
Charlie  De  Pauw,  and  work  was  begun  on  the  next  day.  Considerable  delay  was  ex- 
perienced for  want  of  points  of  connection  with  old  survey  by  Assistiint  Engineer  Ocker- 
aon  under  Mississippi  Kiver  Commission  in  188I-'8*2.  Most  of  the  points  had  caved  off 
And  all  others  as  tar  down  as  Lucca  Landing  were  covered  with  deposit  too  deep  for  re- 
moval, except  one  at  Jersey  Point.  A  new  system  was  therefore  observed  by  simple  azi- 
muth from  a  base  of  1574™  measured  with,  chain  on  the  bar  opposite  Bolivar,  lor  the 
purpose  of  locating  range  signals  and  caving  banks.  These  points  are  shown  on  the  map 
in  capitals,  while  the  old  ones  are  in  italics.  They  are  markeil  on  the  ground  by  nail 
in  stake,  with  tripod  and  target  pole  plumbed  over  it — tripods  being  10  to  15  feet  high, 
and  well  set  in  ground.  Generally,  trees  are  blazed  and  uuirked  ^,  in  the  immediate 
licinity. 

Ranges  for  sounding  were  placed  at  right  angles  to  trend  of  river  and  about  five  hundred 
neters  apart,  beginning  with  No.  1  at  Cork's  Point,  and  ending  with  No.  73,  below  ele- 
Tator  at  Arkansas  City.  These  ranges  were  permanently  marked  by  a  stake  with  nail 
in  top  on  each  bank,  as  far  back  as  seemed  economical,  projecting  from  6  inches  to 

3  feet  above  ground,  blazed  and  mark  in  red  chalk,  thus:  r^k]  letter  L  or  R  being  used, 

as  the  stake  was  on  left  or  right  bank.  (In  some  cases  these  marks  were  left  on  the 
£iceof  a  tree,  instead  of  driving  stakes.)  Trees  were  blazed  and  marked  in  the  vicinity 
to  show  location  of  permanent  mark,  and  sketches  preserved  for  future  reference.  The 
langes  were  marked  for  sounding  by  a  square  white-back  target  near  stake  on  each 
bank,  and  a  front  target  of  colored  flags,  to  designate  numl>ers  of  ranges,  thus: 

1,  6,  11,  &c. :  I  white;  2,  7,  12:  white  over  red;  3,  8,  13:  2  white;  4,  9,  14:  red  over 
white;  5,  10,  15:  white  over  black. 

These  were  located  by  azimuths  from  the  new  triangulation  points. 

Soundings  were  taken  from  a  skiff  with  sixteen-pound  lead,  and  three-eighths  inch 
cotton  line  marked  in  feet,  and  tested  each  day.  They  were  locate<l  by  one  sextant  angle 
on  range.  About  every  3  miles  a  water  .surface  was  taken  from  the  Mississippi  River 
Commission  bench-marks,  which,  when  the  height  of  0  on  Arkansits  City  gauge  is  known, 
will  give  slope  at  time  and  sttige  when  taken.  The  soundings,  however,  were  reduced  to 
•  stage  of  0  on  Arkansas  City  gauge,  thus  giving  minus  depths,  or  heights  of  bar  above 
that  stage,  shown  in  red  figures  on  map.  After  this  reduction,  according  to  your  instruc- 
tions of  January  11,  water  lines  were  drawn  for  each  5  feet  change  of  depth  ( — or-}-), 
those  at  and  above  10  feet  depth  at  low  water  being  .shown  in  red,  the  remainder  in  blue, 
with  distinguishing  marks  seen  by  reference  to  map. 

Under  your  iitstructions,  no  attention  was  paid  to  topography  other  than  to  locate 
bank  lines  where  changed  since  last  survey.  This  was  done  by  sketches  between  located 
tignals,  otherwise  topography  was  transferred  from  tracings  sent  from  Mississippi  River 
Commission  office,  which  in  themselves  are  rather  unreliable  from  continual  use. 

The  work  was  plotted  td  a  sciile  of  ^sI^q  on  two  projections  on  manila  paper,  one 
covering  the  bend  from  Cork's  Point  to  Kentucky  Landing,  about  6  miles,  the  other 
from  this  landing  to  Arkansas  City,  22  miles,  the  sheets  joining  on  the  meridian  91®  07', 
and  both  being  north  and  south  with  paper.     The  azimuth  system  was  calculated  for 
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plane  triangles  from  the  known  sides  at  lower  portion  of  work  to  check  on  measured 
base  at  Bolivar.  These  points  were  then  plotted  on  protractor  sheets  and  transferrtrd  to 
the  projection  already  made  of  old  points,  and  fitted  at  upper  end  by  bench-marks  located 
for  the  purpose. 

The  map  work  was  done  by  Messrs.  Ameluug  and  Ritchie  in  conj auction.  The  placing 
and  location  of  triangulation  points  and  ranices  was  done  by  Mr.  Ameluusc,  the  soundings 
by  Mr.  Ritchie,  and  the  levels  by  Mr.  Patti«>n,  who  also  acted  as  r^coid  ;r  for  the  other 
gentlemen.  To  their  exertions  is  principally  due  the  compietiou  oi  tiie  survey  before 
the  rise  of  river,  which  began  the  day  after  the  work  closed. 

The  quarter-boat,  in  tow  of  the  launch  Nellie,  returned  to  Wilson's  Point  and  re- 
ported to  Mr.  Hider  for  duty  on  the  30th. 

Respectfully  submitted. 

WM.  T.  BLUNT, 
United  States  Assistant  Engineer. 

Capt.  W.  L.  Marshall, 

Corps  of  Engineers,  U.  S.  A. 


APPENDIX  M. 

bbpobt  of  major  amos  8tickney,  corps  of  engineers,  upon  operations  in  the 

fourth  district. 

United  States  Engineer  Office, 

No.  3  South  Rampart  Street, 
New  Orleans^  La.^  November  20,  1883. 

Sir:  I  have  the  honor  to  report  as  follows  on  the  several  works  in  my  charge  under 
^he  supervision  of  the  commission,  from  December  1,  1882,  to  October  31,  1883. 

levees. 

Since  December  1, 1882,  work  on  levees  has  continued  with  some  intermption  by  high 
water  in  the  Mississippi,  which  in  some  cases  causc^d  a  total  suspension  of  work  and  ne- 
cessitated the  extension  of  the  time  for  completion  of  all  unfinished  levees.  Progress  has 
been  much  slower  than  was  anticipated  when  contracts  were  made.  This  was  due  to  a 
scarcity  of  labor  last  season,  and  unusual  amount  of  malarial  fevers  this  season,  and  the 
bad  management  of  contractors.  Repeated  notices  have  been  sent  to  the  different  con- 
tractors whose  work  progressed  slowly  with  small  forces  to  increase  the  number  of  labor- 
ers employed,  but  these  notices  seem  to  have  had  no  effect.  Up  to  date  six  levees  have 
been  completed  and  accepted,  leaving  five  more  unfinished.  Two  of  these  will  proliably 
be  completed  by  the  end  of  the  year,  and  the  others,  it  is  hoped,  before  the  floods.  There 
is  prospect  with  the  approach  of  cool  weather  of  the  contractors  largely  increasing  their 
forces  and  making  better  progress. 

SURVEY  OF  UNLEVEED  FRONT. 

Detached  surveys  have  been  made  at  several  localities  along  the  line  of  levees  in  this 
district,  but  no  provision  has  been  made  yet  for  construction  of  the  levees.  Portions  of 
the  lines  staked  off  have  not  been  connected,  and  others  have  proved  to  be  too  close  to 
the  river.  *  With  a  view  of  connecting  the  line  of  levees  to  make  them  continuous,  and  to 
establish  lines  not  yet  surveyed,  parties  are  now  being  organized.  The  following  report 
of  Mr.  H.  S.  Douglas,  assistant  engineer  in  general  charge  of  levees,  gives  the  details: 

New  Orleans,  La.,  November  5,  1883. 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  **  construction  and  repair 
of  levees,  fourth  district,"  from  December  1, 1882,  to  October  31, 1883,  giving  each  levee 
in  detail: 

TENSAS  FRONT. 

From  Castleman's  to  Buck  Ridge,  near  Point  Pleasant.  Total  length  of  embankment, 
9,818  leet.  Computed  contents,  65,661.71  cubic  yards.  Slopes,  2  and  3  to  1.  Crown, 
from  6  to  8  feet.  On  December  1  the  contractor  was  at  work  with  a  small  force,  being 
tmder  the  impression  that  his  work  would  not  exceed  30,000  cubic  yards;  but  on  Decem- 
ber 2  he  was  notified  that  his  work  would  be  increased,  and  he  was  directed  to  employ 
additional  labor.  This  he  failed  to  do,  and,  although  an  embankment  sufficient  to  resist 
the  water  was  constructed,  the  levee  was  not  completed  before  the  rLsing  river  came 
against  it.  Work  was  resumed  on  the  subsidence  of  high  water,  and  the  levee  was  com- 
pleted and  accepted  August  6,  1883. 
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SHIPP'S  BAYOU  TO  HARD  TIMES. 

Length  of  embankment.  9,727  feet.     Original  estimate,  abont  183.000  cubic  yards. 

Computed  contents,  liable  to  increase,  129,613  cubic  yards.     Slopes,  3  and  2  to  1.    Crown, 

from  5  to  12  feet.    Length  of  protection  levee,  1,044  feet.    Computed  contents,  10,095.33 

eabic  yards.     Slopes,  4  and  2  to  1.     Crown,  4  feet.     Grade  at  up-stream  end  of  main 

levee,  90.895 ;  grade  at  down-stream  end  of  main  levee,  90.695. 

The  force  engaged  on  this  levee  was  inadequate,  and  in  consequence  of  the  backward 
condition  of  the  main  embankment  it  was  found  necessary,  February  7,  1883,  to  order 
the  construction  of  a  protection  levee,  which,  on  account  of  the  water  coming  at  once 
against  the  fresh  earth,  was  very  difficult  to  maintain.  However,  it  was  held,  but  the 
caving  of  the  river  bank  at  a  point  above  the  main  line  caused  an  extensive  crevasse  in 
the  old  levee,  and  the  water  rushing  into  the  bed  of  Lake  Saint  Joseph,  which  the  main 
new  levee  crosses,  caused  a  break  in  it.  The  ground  to  be  occupied  by  the  levee  was 
flooded,  and  aAer  the  ends  of  the  new  work  had  been  protected  to  prevent  further  caving, 
work  was  suspended,  April  17,  1883,  to  await  a  decline  in  the  river.  The  contractor 
lecoiumenced  work  September  13,  1883,  and  expects  to  complete  the  line  by  Decem- 
ber 15. 

HABDSCBABBLE  AND  BONDUBANT. 

Length  of  embankment,  33,529  feet.  Original  estimate,  about  330,000  cubic  yards. 
Computed  contents,  337,702.85  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  from  6  to  10 
feet.     Grade  at  up-stream  end,  87.771;  grade  at  down-stream  end,  86.871. 

The  annulment  of  the  original  contract  was  recommended  for  lack  of  due  diligence  en 
the  part  of  the  contractor.  The  annulment  was  approved  Decrember  2,  1882,  and  au- 
thority given  to  advertise  for  new  bids  by  circular  letter.  Proposals  were  called  for  to 
be  opened  December  4.  The  bid  of  P.  J.  Kennedy  was  considen'd  the  most  favorable, 
and  award  recommended  to  him,  which  award  was  approved  December  6,  1882,  and 
work  commenc*ed  by  the  contnictor  December  8.  About  one- third  of  this  levee  is  located 
in  an  open  field,  in  light,  sandy  land;  the  balance  in  a  dense  swamp,  with  buck-shot  soil. 
The  drainage  of  this  swamp  is  poor;  and  although  embankment  construction  proceeded 
rapidly  in  the  open  field,  the  unfavorable  weather  and  lack  of  labor  made  the  swamp- 
work  proceed  slowly.  On  February  24,  1883,  the  river  flowed  over  its  banks  and  through 
the  swamp,  flooding  the  levee- way  and  contnu'tor's  camps,  causing  a  stoppage  of  the  work 
on  that  portion  of  the  levee.  It  was  considered  impracticable  to  build  a  protection  levee. 
Work  with  a  small  force  has  continued  with  but  a  slight  intermission  on  the  open-field 
portion  of  the  levee,  and  during  the  last  month  has  been  resumed  in  the  swamps. 

KEMPE  BBEAKS  AND  EXTENSION. 

Length  of  embankment,  17,222  feet.  Original  estimate,  about  340,000  cubic  yards. 
Computed  contents,  305,110.79  cubic  yard.s.  Slopes:  breaks,  3  and  2  to  1;  extension,  3 
and  3  to  1.  Crown:  breaks  6  to  8  feet;  extension,  8  feet.  length  of  protection  levee, 
1,862  feet.  Lack  of  an  adequate  force  delayed  the  completion  of  this  levee,  and  the 
construction  of  a  protection  levee  was  ordered. 

It  was  completed  February  20,  but  it  afterward  showed  signs  of  being  weak,  and  was 
raised  and  strengthened.  Work  on  the  main  line  of  embankment  was  suspended  March 
17,  as  the  back-water  encroached  on  the  levee-way  and  flooded  the  contractors^  camps. 
Embankment  construction  was  resumed  September  11,  and  is  now  in  progress.  It  has 
been  found  necessary  to  change  the  line  of  the  Kempe  extension,  as  the  river  bank  above 
the  original  point  of  junction  with  the  old  levee  was  caving  rapidly.  *  The  new  line  joins 
the  old  levee  at  a  point  above  any  probable  caving.  The  present  allotment  not  being 
safficient  to  complete  the  new  line,  theStat«  of  I^uisiana  has  undertaken  to  build  that 
portion  not  constructed  by  the  General  Government. 

LAKE  CONCOBDIA  BBEAKS. 

Length  of  embankment,  92,460.5  feet.  Original  estimate,  about  301,000  cubic  yards. 
Computed  contents,  202,724.99  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  from  4  to  13 
feet.  Grade  at  up-stre;im  end,  74.195.  Grade  at  down-stream  end,  74.VS6.  Work  on 
this  long  line  of  light  embankment  was  not  interrupted  by  high  nater,  and  proceeded 
rapidly,  labor  being  plentiful.  The  levee  was  finally  completed  and  accepted  June  11, 
1883. 

FBOM  OBEEN'S  TO  FAIBVIEW. 

Length  of  embankment,  55,410  feet.  Original  estimate,  about  373,000  cubic  yards. 
Computed  contents,  385.714.22  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  4  to  8  feet. 
Grude  of  up-stream  end,f08.9l5.  Gride  ot  dowii-strtiiimead,  67.288.  Work  was  pushed 
rapidly,  but  the  contraittors  were  unable  to  obtain  sufficient  force  to  complete  the  levee 
before  high  water.  A  light  protection  levee  w.h  thrown  up  along  the  river  frcmt  of  the 
Glasscock  swamp,  through  which  the  main  levee  line  passes,  but  on  February  20  this 
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gave  away  and  the  river  poured  through  an  unfinished  gap  of  2,600  feet  in  the  levee, 
stopping  further  work  in  the  swamp  until  the  subsidence  of  the  water.  Embankment 
construction  has,  however,  continued  on  the  upper  and  lower  ends  of  the  levee,  and  the 
levee  is  nearly  completed,  except  the  gap  of  2,600  feet  before  mentioned,  on  which  the 
contractors  are  now^  working. 

ATCHAKALAYA    FRONT  ( ATCH AFALAYA   RIVER  TO   RED   RIVER  LANDING). 

LfCngth  of  embankment,  20,708  feet.  Original  estimate,  about  122,000  cubic  yards. 
Slopes,  3  and  2  to  1 .  Crown ,  from  4  to  8  feet ;  G rade  at  A tchafalaya  end,  61 .  448 ;  grade  at 
Red  River  Landing  end,  50.168.  The  annulment  of  the  original  contract  was  recom- 
mended for  lack  of  due  diligence  on  the  p^rt  of  the  contractor,  which  recommendation 
was  approved  December  2,  18^2,  authority  being  given  to  advertise  for  new  bids  by  cir- 
cular letter.  New  proposals  were  accordingly  chilled  for,  to  be  opened  December  4.  Mr. 
C.  L.  Hardeman  was  tiie  lowest  bidder,  and  award  of  contract  to  him  was  recommended, 
and  approved  Deceuil)er  6.  Work  w^as  commenced  December  8,  1882,  and  would  have 
been  completed  but  for  mismanagement  on  the  jmrt  of  the  contrac-tor.  However,  an 
embankment  suflicient  to  resist  the  high  water  was  constructed,  and  the  work  was  in- 
specteil  suid  found  short.  Contractor  was  notified  to  fill  out  the  shortages,  and  he  reported 
the  work  (wmpleted  .fune  26.  188:].  It  was  inspected,  and  still  found  short.  The  con- 
tractor refused  to  do  any  farther  work,  but  has  since  concluded  that  he  would,  and  ia 
now  engaged  in  completing  the  levee. 

HOCJ    POINT  TO   RACCOURCI  (oLD   RIVER). 

Length  of  emhmkmont,  16,160  feet.  Original  estimate,  about  74,000  cubic  yards. 
Computed  contents,  65,946. 19  cuinc  yards.  Slopes,  3  and  2  to  L  Crown,  from  4  to  8 
feet.  Gra«le  at  up-stream  end,  59.0(K5.  Grade  at  down-stream  end,  58.103.  Work  pro- 
ceeded without  incident  until  date  of  completion  and  acceptance,  March  27,  1883. 

RACCOUKCI   CREVASSES. 

Length  of  embankment,  5,6(>8  feet.  Original  estimate,  about  84,000  cubic  yards. 
Computed  contents,  71,221.77  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  8  feet.  Grade 
throughout,  56,026.  Embankment  construction  at  first  proceeded  rapidly,  and  it  was 
reported  completed  March  12,  1883,  but  upon  inspection  was  found  short.  Contractor 
was  notified  to  fill  out  the  shortages,  but  it  was  not  until  July  28,  188^^,  that  the  work  was 
finally  completed  and  accepted. 

STEWART'S   CREVASSE. 

I  jcngth  of  embankment,  1,674  feet.  Original  estimate,  alK)ut  9, 000  cubic  yards.  Com- 
puted contents,  9,175.55  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  6  feet.  Grade  at 
up-streiim  end,  52.411.  Grade  at  down-stream  end,  52.311.  Work  was  not  commenced 
by  the  contractor  until  December  18, 1882,  and  the  force  employed  was  so  small  that  the 
levee  wjvs  not  completed  until  March  20,  1883.  It  was  inspected  and  received  April  13, 
1883. 

POINT  CftUPEE   CRE^'ASSK. 

Length  of  emlwinknient,  5.762. 5  feet.  Original  estimate,  about  120,000cubic  yards.  Com- 
puted wmtents,  110,947.01  cubic  yards.  Slopes,  3 and  3 to  1.  Crown,  8  feet.  Grade  thixjugh- 
out,  50,815.  Owing  to  the  neglect  of  the  contnictor  t-o  put  a  sufficient  force  on  this  w^ork, 
it  was  in  a  very  prec^irious  condition  about  February  1.  The  river  was  rising  rapidly 
and  threiitened  to  |K)ur  through  the  unfinished  levee.  The  employment  of  convict  labor 
was  authorized,  and  a  large  force  put  to  work.  The  base  of  the  levee  was  put  in,  and 
the  balance  of  the  embankment  built  up  with  earth  from  the  land  side  to  keep  ahead  of 
the  rapidly  rising  river,  whieli  came  against  the  unfinished  levee  February  20.  A  cer- 
tain portion  of  the  levee  kept  sinking  or  settling.  This  was  where  the  line  crossed  an 
old  lake-bed  or  slough.  It  being  difficult,  if  not  impossible,  to  measure  the  amount  of 
earth  in  this  porticm,  a  mmlification  of  the  original  contract,  so  far  as  this  pivrt  of  the 
levee  was  concerned,  was  recommended,  and  approved  April  25,  1883.  The  levee  was 
inspected  and  received  May  31 ,  1883.  The  principal  causes  of  the  non-completion  of  work 
have  been: 

First,  The  lateness  of  the  se;vson  when  work  was  commenced,  and  the  early  and  sud- 
den ri.se  in  the  Mississippi  River. 

Second,  The  difficulty  in  obtaining  and  holding  labor.  The  large  amount  of  railroad 
work  going  on  throughout  the  country,  in  addition  to  the  levee  work,  insured  employ- 
ment to  every  able-lxMiied  man  who  desired  it,  and  as  a  consequence  labor  was  very  un- 
reliable, going  from  levee  to  levee  witluuit  apparent  cause.  I  have  reason  to  believe  that 
upwards  of  5,000  men  were  brought  to  the  various  levees,  and  at  no  time  were  more  than 
half  that  number  actually  cn> ployed.  The  contractors  were  notified  from  time  to  time 
to  increase  their  forces,  but  these  notific:vtions  seemed  to  have  but  little,  if  any,  effect. 
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Third.  Bat  few  of  the  oontractois  personally  superintended  their  work,  preferring  to 
trust  to  employ^,  who  were  in  many  cases  inefficient,  and  had  no  disposition  to  push 
the  work  to  completion. 

The  principles  generally  ohserved  in  establishing  the  grades,  crown,  and  slopes  of  the 
levees  in  the  district  have  been  to  build  them  at  least  as  high  as  the  old  levees  which 
they  join.  The  grades  given  in  this  report  are  from  the  bench  marks  of  the  Commis- 
sion referred  to  a  plane  190.84  feet  below  the  zero  of  the  United  States  Engineers'  gauge 
at  Memphis,  Tenn.  The  slopes  have  been  governed  by  the  amount  of  money  allotted. 
Only  two  of  the  levees  have  been  built  with  3  and  3  to  1  slopes;  the  remaining  nine  have 
3  suid  2  to  1  slopes.  In  most  cases  an  endeavor  has  been  made  to  make  the  crown  equal 
to  the  height  to  the  nearest  foot  where  the  height  was  greater  than  4  feet.  Where  a  line 
of  light  embankment  crossed  a  slough  or  bayou  the  crown  of  the  levee  was  increased,  or 
a  h&nquette,  so  termed,  built  on  the  land  side,  to  within  the  width  of  the  crown  of  the 
top  of  the  levee.     Levees  with  3  and  3  to  1  slopes  were  built  with  a  uitiform  crown  of  8 


In  future  it  is  not  thought  advisable  to  build  levees  where  the  fill  is  more  than  6  feet 
with  leas  than  3  to  1  slopes,  especially  in  swampy  localities.  Flumes,  culverts,  and  other 
openings  through  the  embankments  have  not  been  permitted  in  any  case,  and  should 
not  be.  Measures  should  be  taken  to  prevent  the  levees  being  used  as  roads,  or  else  they 
shonld  be  built  considerably  higher  than  would  otherwise  be  necessary,  to  allow  for  the 
wearing  down  caused  by  traffic.  A  portion  of  the  levees  designated  as,  from  Castleman's 
to  Buck  Ridge, "  in  the  advertisement  for  proposals,  was  surveyed  and  staked  off,  but  was 
not  built  for  lack  of  ftinds.  It  ia  probable  that  the  high  water  of  1883  may  have  oblit- 
erated some  of  the  line  and  caused  the  banks  of  the  river  to  cave  so  as  to  render  a  change 
of  line  advisable  at  certain  points.  A  resurvey  will  be  necessary  between  Castleman's 
and  New  Carthage  to  determine  these  facts.  The  Bougi^re  Crevasse  was  also  staked  off, 
bat  the  assistant  engineer  who  made  the  survey  states  that  the  line  is  probablv  too  close 
to  the  river,  and  it  should  be  changed.  From  Fairview,  the  lower  end  of  the  *  *  Greens  to 
Fairview  "  levee  to  the  mouth  of  Red  River,  in  which  is  included  the  Bougi^re  Crevasse, 
is  nnleveed  except  isolated  pieces  on  the  high  lands.  The  distance  by  river  is  54  miles, 
and  a  survey  of  this  stretch  will  be  necessary  before  work  is  undertaken.  The  above 
snrreys  imd  the  works  baaed  upon  them  will  make  the  line  of  levees  continuous  on  the 
right  bank  of  the  river  throughout  the  district  to  the  forts.  I  have  been  assisted  in  the 
field-work  by  three  assistant  engineers  acting  as  inspectors,  and  thirteen  sub-inspectors. 
This  force  has  been  reduced  from  time  to  time  as  4^he  levees  were  completed  or  put  in 
such  a  condition  as  to  no  longer  require  close  supervision. 


Summary, 


Levees. 


From  Castleman's  to  Buck  Ridge,  near  Point 
Pleasant 

Shipps'  Bayou  to  Hard  Times,  including  proteo- 
tion  levee 

Hjutlacrabble  and  Bondurant 

Kenipe  Breaks  and  extension,  including  protec- 
tion levee 

Lake  Concordia  Breaks 

From  Green's  to  Fairview 

Atch&falaya  River  to  Red  River  Landing..: 

Hos;  Point  to  Racoourd  (Old  River) 

Baoeourci  Crevasses 

Ste'vrart's  Crevasse 

Pointe  Couple  Crevasse 
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UNLEVEED  FRONTS. 


Estimated      E«tiixua«d 
length.      .  cubic  yards. 


Ftti. 
Castleman*8  to  New  Carthage |  50,000  410,000 


Bougi^rc 

mack  Hawk  to  Red  River 


23,400  637,000 

88,000 


Timber  felled  on  all  levee  lines,  260  acres. 
Total  length  of  levees  under  contract,  51  miles,  2,065  feet. 
Length  constructed  to  October  31,  45  miles,  3,936  feet. 
Remaining  to  build,  5  miles,  3,409  i^^t. 

Keet. 

Total  contents  of  levees  as  computed 1,764,291.04 

In  embankment  October  31 1,257,366.01 

Remaining  to  place  in  embankment 506,925.03 

Very  respectfully,  your  obedient  servant, 

H.  S.  DOUGLAS, 

Amjetani  Enginevr. 
Maj.  A.MOS  Stickxey, 

Corps  of  Engineers,  U.  S.  A. 

IMPEOVINO   MISSISSIPPI   RIVER  AT  NATCHEZ  AND  VIDALIA. 

No  work  has  been  done  since  the  transfer  of  this  work  to  me  by  Capt.  A.  M.  Miller, 
Corps  of  Engineers,  U.  S.  A.  It  had  been  my  expectation  to  have  an  examination  made 
■of  this  locality  during  low  water,  for  the  purpose  of  preparing  a  project  for  work,  but  the 
unusual  sickliness  of  the  season  has  so  crippled  my  force  of  assistants  that  nothing  has 
been  done.  The  old  survey  shows  the  principal  features  ofthe  locality,  and  I  expect  to 
base  a  project  upon  that  survey.  A  I'ecent  general  view  of  the  bauks  obtained  in  pass- 
ing on  a  steami  r  shows  that  tlie  caving  of  the  banks  continues  as  before,  but  only  to  a 
small  extent  in  Giles  Lend,  the  worst  caving  being  in  Marengo  Bend  and  dow^n  toward 
Waverly  Point.  The  danger  to  Natchez  Harbor  is  not  immediate,  but  works  for  bank 
protection  will  be  required  to  prevent  the  working  down  of  the  bend  above  Natchez. 

IMPROVING  MOUTH  OF  RED  RIVER. 

At  the  date  of  my  last  annual  report  to  the  Commi&ion  work  in  old  river  and  at  the 
mouth  of  Red  River  was  suspended,  as  high  water  made  it  no  longer  necessary  for  navi- 
gation. 

In  letter  of  August  17,  1883,  to  the  president  of  the  Ck>mmifision,  I  recommended  to 
the  Commission  that,  if  necessary  to  keep  open  navigation  during  low  water,  the  same 
means  be  employed  as  heretofore,  that  is,  by  moving  a  stern-wheel  steamboat  attached  to 
two  tugs  backward  and  forward  over  the  shoal  places  to  stir  up  the  mud,  so  that  the  cur- 
rent might  cut  a  channel,  and  to  use  a  dredge-boat  for  cutting  a  channel  through  the  bar 
4it  the  mouth  of  ohl  river.  This  having  been  approved  by  the  Commission,  steps  were 
taken  August  25,  1883,  to  procure  the  necessary  plant. 

This  plant  should  have  been  at  work  by  September  3,  1883,  but  on  account  of 
lireakaj^e  of  msichinery  of  one  of  the  tugs  after  starting  from  New  Orleans,  and  the  sink- 
ing of  the  barge  containiug  the  supply  of  coal,  actual  operations  were  not  commenced 
till  September  7.  At  this  time  there  was  9  feet  of  water  on  the  outer  bar  and  5 
feet  through  what  is  known  as  the  "gut"  in  Old  River,  and  it  was  thought  that  a  channel 
could  be  maintained;  but  the  water  continued  to  fall  with  great  rapidity,  and  the  banks, 
from  800  to  1,000  feet,  through  the  gut,  slid  in,  almost  completely  closing  the  water-way 
and  shutting  off  the  flow.  The  consequence  of  this  was  an  immediate  draining  of  Lower 
Old  River  into  the  Atchafalaya  from  a  point  about  a  mile  above  the  foot  of  Tumbnll*B 
Island,  leaving  the  boats  hard  aground,  two  of  them  having  scarcely  any  water  aroaud 
them. 

I  visited  the  locality  October  11,  and  found  at  one  place  a  width  of  about  3  feet,  with 
le-ss  than  1  foot  depth,  which  was  all  that  remained  of  the  river.     This  sliding  in  of  the 
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iMuiks  has  occun-ed  at  each  low- water  season  for  a  number  of  years,  but  never  before 
to  the  extent  of  this  year. 

Some  harsh  comments  have  been  made,  as  in  previous  years,  with  regard  to  the  fiulure 
of  the  plant  to  keep  a  navigable  channel,  but  such  comments  must  certainly  have  ema- 
nated from  persons  mnch  interested  in  keeping  navigation  open,  but  ignorant  of  the 
cause,  or  extent  of  the  cause,  which  operated  to  close  the  channel.  It  has  never  been 
•claimed  that  the  plant  used  could  do  anything  more  than  help  the  current  in  deepening 
the  shoal  places,  when  the  water  was  low  enough  for  the  action  of  the  tug  wheels  to  be 
felt  on  the  bottom  and  the  volume  of  water  and  current  strong  enough  to  carry  ofi' 
the  material  stirred  up.  The  dams  formed  by  the  sliding  in  of  hundreds  of  feet  of 
the  river  banks  not  only  cut  off  the  necessary  water  to  float  the  boats,  but  stopped  the 
current  necessary  to  carry  away  any  material  that  might  have  been  stirred  up. 
This  peculiar  sliding  in  of  the  banks  in  this  locality  has,  I  believe,  never  been  satisfac- 
torily explained.  Upon  ray  recent  visit  I  made  a  special  investigation  of  the  matter, 
and  I  believe  I  have  di-^covered  the  cause  of  the  instability  of  the  banks  to  be  the  presence 
of  water  back  of  the  banks,  whose  surface  is  at  a  considerable  elevation  above  the  river. 
When  the  river  falls  rapidly  this  back  water,  a<;tin<;  under  a  considerable  head,  forces  its 
way  under  the  banks,  converting  the  lower  strata  into  a  semi-liquid  material  which 
will  not  stand  under  a  slope  of  1  in  20,  or  even  flatter.  I  believe  there  was  not  a 
single  instance  of  sliding  bank  behind  which  I  did  not  find  either  standing  water  or 
pools  where  water  had  recently  been.  The  natural  drains  for  this  back  water  are  each 
year  more  and  more  obstructed  by  the  deposit  of  sediment  from  overflows,  the  obstruc- 
tion incre:ising  more  rapidly  near  the  river  banks.  As  a  ra^ult  of  this  the  pond  water 
is  held  at  a  higher  level,  and  when  the  river  is  low  forces  its  way  throuj^h  the  soil  under 
in^ater  head. 

The  steamboat  and  tugs  commenced  work  September  7,  and  were  compelled  to  stop 
September  2.3.  They  resumed  work  on  October  17,  and  on  November  10  were  ordered 
to  return  to  New  Orle^ans,  there  being  a  navigable  channel  8  feet  dov-p  through  Old 
Kiver.  The  dredge  commenced  work  on  the  outer  bar  September  8,  and  worked  con- 
tinuously until  October  22,  when  she 'was  moved  up  to  the  gut.  On  the  lOth  of  No- 
vember slie  was  laid  off.  I  am  at  present  engaged  upon  a  plan  for  the  pernjanent  im- 
provement of  this  locality,  which  I  hope  to  present  to  the  Commission  in  a  short  time. 
In  December,  18-82,  an  assistimt  engineer  was  sent  to  make  some  surveys  of  Old  River 
in  order  to  obtain  data  for  estimates  and  project  for  placing  a  sill  across  old  river,  with 
a  levee  across  the  valley  to  check  the  enlargement  of  the  passage  into  the  Atchafalaya 
River.  This  was  completed  early  in  February,  and  estimates  were  submitted  to  the 
Commission^ March  20,  1883.  The  Commission  decided  to  postpone  action  on  this. 
Upon  my  re(k)mmendation  for  a  resurvey  of  the  old  river,  which  was  approved  by  the 
Commission,  a  party  was  started  from  New  Orleans,  June  5,  and  work  commenced  a  few 
days  afterwards,  but  sickness  and  unfavorable  weather  at  times  almost  suspended  opera- 
tions. The  survey  is  still  in  progress,  and  it  is  hoped  that  the  present  cool  weather  will 
enable  the  party  to  complete  it  soon.  The  following  report  of  the  assistant  engineer  in 
charge  gives  the  details: 

Red  Rivek  Landing,  October  31,  1883. 

Major:  I  have  the  honor  to  report  to  you  the  amount  of  work  accomplished  on  the 
survey  of  the  month  of  Red  River  and  vicinity  since  the  7th  of  June,  when  I  arrived 
here  with  a  portion  of  my  party,  which  was  not  complete  until  the  arrival  of  the  steam- 
laanch  on  the  22d  of  June.  The  survey  of  the  Mississippi,  including  both  banks,  is  fin- 
ished from  below  Red  River  Landing  to  Carr's  Point,  by  means  of  a  shore  line  on  the 
right  bank 'and  distances  CixrefuUy  measured  to  the  top  of  the  bank,  so  as  to  show  the 
erosion  accurately,  and  a  note  of  the  stage  of  water  and  its  line  at  the  edge.  The  oppo- 
site bank  is  located  by  a  series  of  angles  taken  on  flag  stations  placed  on  all  points  and 
inlets,  so  as  to  define  the  line  of  the  top  of  the  bank  correctly.  The  sides  of  triangula- 
tlon  on  the  right  bank  forming  the  bases  are  never  less  than  half  a  mile  in  length,  and 
a  primary  base  has  been  carefully  measured  and  checked  with  a  steel-tape  measure. 
Ol»ervations  of  the  true  meridian  have  been  taken  on  this  base  line.  A  traverse  line 
with  the  immediate  topography  has  been  run  on  the  levee  from  half  a  mile  below 
Red  River  Landing  to  section  No.  12,  on  Atchafalaya  River.  Cross-sections  Nos.  2,  4, 
6,  10,  and  12  of  the  Atchafalaya  have  been  relocated,  sounded,  plotted,  and  sent  into  the 
office.  Likewise  in  the  lower  old  river,  cross-sections  F,  G,  I,  Z,  X,  also  D,  V,  and 
H,  in  the  mouth,  near  the  Missis.sippi.  These  sections  require  to  be  extended  back  on 
the  high  ground  on  the  right  of  the  Atcha&laya,  and  on  the  Turnbull  Island  side  of 
I^wer  Old  River,  now  that  the  water  is  low  enough  to  make  it  practicable  to  do  so.  Eight 
■cross-sections  have  been  taken  on  the  upper  old  river  at  right  angles  to  the  bed  of  the 
river,  and  extending  across  all  the  chutes  to  the  high  ground  on  either  side,  and  the 
notes  with  approximate  location  on  the  map  of  1879  have  been  sent  to  the  office.  A  sec- 
tion and  the  low- water  discharge  of  Red  River  have  been  taken  1,000  feet  above  the 
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bead  of  Tnmball's  Island,  plotted,  and  sent  in.  The  time  of  observation  was  most  faTor- 
able;  if  we  had  not  had  such  difficulty  in  getting  to  the  Point,  the  section  would  have 
been  extended  further,  and  the  observation  made  more  elaborately.  The  surface  &11  to 
Barbre's  at  the  time  of  observation  will  be  forwarded  to  you  with  the  notes  of  crosa- 
flection  No.  VIII  of  Upper  Old  Kiver.  The  shore  line  on  Lower  Old  River  has  been  ran 
Section  L  near  Ash  Cabin,  connecting  and  locating  the  cross-sections.  The  instrumental 
work,  measuring,  sounding,  relocating,  and  referencing  off  on  the  cross- sections  has  been 
done  in  a  careful  and  accurate  manner.  The  levels  check  most  satisfactorily  with  those 
of  Mr.  Reese  in  1880.  The  direction  and  approximate  velocity  of  the  current  in  Old 
River  has  been  daily  observed  and  the  report  for  the  last  ten  days  is  inclosed,  also  a  sick 
list  for  each  month,  taken  from  a  rough  record  of  each  day '9  work. 

There  are  many  odd  days  and  half  days  where  men  were  off  duty  that  I  took  no  note 
of.  and  the  amount  of  days  lost  by  sickness  fails  to  express  how  the  general  ill-health 
of  the  party  has  retarded  the  survey,  and  the  enervation  of  the  whole  party  caused  by 
the  sickliness  of  the  season.  The  deaths  of  the  old  inhabitants  in  this  locality  have  been 
remarkably  numerous.  The  sickness  of  two  members  of  my  party  has  resulted  in  death 
soon  after  leaving  the  party.  Both  were  only  a  short  time  employed.  The  character  of 
the  malaria  is  tenacious  and  malignant.  Mr.  Struthers,  a  leveler,  who  left  August  12, 
and  went  by  sea  to  New  York,  writes  to  me  on  October  12  that  he  is  still  very  weak 
and  subject  to  fevers,  and  has  been  unable  to  do  any  work  since  he  left  here.  Mr.  Poe- 
tell,  a  rodman,  writes  ftom  Georgia  to  the  same  effect.  The  oi^ganization  of  my  i>arty  ia 
continually  spoilt  by  the  changes  in  its  members.  By  comparing  the  time  lost  by  sick- 
ness with  the  time  on  the  pay-rolls,  a  percentage  of  time  lost  can  be  obtained. 

The  greatest  surface  fall  with  running  water  between  the  MiasiBsippi  that  I  hare 
knowl^ge  of  was  on  the  21st  of  October,  and  was  6.^4. 
I  am,  respectftilly,  your  obedient  servant, 

ARTHUR  OWEN  WILSON, 

AsgistatU  Engineer. 

Mig.  Amos  Stickney, 

Corp8  of  Engineers  J  U.  8,  A, 

In  accordance  with  the  resolution  of  the  Ck>mmis8ion  of  September  14, 1882,  and  my 
project  presented  to  the  Commission  March  20, 1883,  an  assistant  engineer  and  party  was 
sent  into  the  field  in  June,  1883,  to  make  a  survey  to  obtain  more  data  for  plan  and  esti- 
mate of  cost  of  opening  a  navigable  route  from  the  Mississippi  River  to  the  Atchafalaya 
and  Red  River  by  way  of  Bayou  Plaquemine.  Work  was  commenced  June  13,  but  sickness 
and  bad  weather  made  progress  very  slow.  The  party  became  disorganized  on  June  28,  and 
the  assistant  engineer  returned  to  New  Orleans  sick.  Another  assistant  was  sent  up,  but 
after  a  few  weeks  of  slow  work  became  sick  and  died.  The  survey  was  susx)ended  Sep- 
tember 11.  It  will  be  resumed  as  soon  as  practicable.  An  estimate  of  the  cost  of  the 
Plaquemine  route  is  being  prepared  from  the  notes  of  the  recent  survey  in  Bayou  Plaque- 
mine,  and  from  a  previous  survey  of  Grand  River  made  under  the  direction  of  this  office. 

subvey'  of  cubitt*s  gap. 

A  party  was  sent  to  make  this  survey  on  January  13,  1883,  but  owing  to  dense  fogs 
nothing  was  accomplished  beyond  making  a  few  soundings  across  the  river  and  a  few  in 
the  gap.  The  survey  was  suspended  and  the  party  returned  to  New  Orleans.  After 
the  cessation  of  fogs  the  river  was  too  high,  being  over  its  banks,  to  permit  a  party  to 
camp  in  the  vicinity.  This  present  time  is  favorable  for  the  survey  and  a  party  will 
probably  be  sent  to  the  locality  during  this  month.  An  additional  allotment  is  necessary 
for  this,  the  original  allotment  having  been  too  small  and  a  considerable  portion  used  in 
the  ineffectual  attempt.  Captain  Heuer,  Corps  of  Engineers,  has  kindly  offered  to  make 
the  soundings  in  the  river,  with  the  party  constantly  engaged  at  the  jetties,  who  are 
accustomed  to  d^p-water  soundings  and  have  a  steam-launch  at  their  disposal. 

OBSKEVATIONS  AT  CARBOLLTON. 

In  order  to  carry  out  the  resolution  of  the  Commission,  allotment  for  which  was  made 
November  19,  1882,  and  afterwards  increased  by  |>1,500,  an  observation  party  was  sta- 
tioned at  Carrollton  on  January  17,  1883,  and  measurements  of  river  discharge  were  00m- 
meu(3ed  on  January  27,  1883.  Daily  observations  were  made  when  the  weather  would 
permit  until  the  latter  part  of  July.  At  this  time  it  was  found  that  by  using  the  party 
in  connec'tion  with  the  preparatory  work  for  improvement  of  New  Orleans  Harbor  a  longer 
time  could  be  covered.     The  observations  were  therefore  reduced  to  two  per  week  and 
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continned  till  September  1,  when  the  allotment  was  exhausted.     The  report  of  ABsist- 
ant  Engineer  W.  G.  Price  gives  details  of  the  observations  (see  plates  II  and  III): 

Cabbolltox,  La.,  November  8,  1883. 

Ma  JOB:  I  have  the  honor  to  submit  the  following  report  of  dischaige  measurements  of 
the  Mississippi  River  at  Carrollton,  La.,  from  January  27  to  September  7,  1883,  made 
under  your  direction.  The  party  was  organized  in  Saint  Louis,  and  arrived  in  Carroll- 
ton  January  17.  It  consisted  of  an  assistant  engineer,  a  recorder,  an  engineer  of  launth, 
a  steersman,  and  two  boatmen.  Ten  days  were  required  to  construct  the  necessary  ap- 
paratus, and  the  first  discharge  was  measured  on  January  27.  The  discharges  were  taken 
daily,  except  Sundays,  from  January  27  to  July  21,  and  then  in  order  to  make  the  ap- 
propriation last  until  low  water  the  discharge  was  measured  only  twice  a  week.  On 
September  7,  the  appropriation  having  been  about  used  up,  the  work  was  stopped.  The 
flection  used  is  known  as  the  Cambronne  section.  The  velocity  was  measured  with  the 
current  meter;  meters  A  and  B  of  my  own  construction  were  used.  The  meter  was  run 
from  a  catamaran  which  was  lashed  to  the  side  of  a  steam-launch,  which  was  kept  steady 
at  the  velocity  stations  by  the  pilot  and  engineer.  Range  lines  were  put  up  on  shore  for 
that  purpose.  The  soundings  and  velocity  stations  were  located  by  means  of  a  sextant 
set  at  an  angle  of  14°  2^,  and  a  stadia  base-line  of  signals  on  shore,  the  distance  being 
read  directly  from  the  base-line.  Most  of  the  soundings  were  taken  with  an  ordinary 
lead-line,  some  with  a  jack  chain  and  others  with  a  graduated  wire.  As  all  these  sound- 
ings agree,  it  is  thought  the  error  from  using  a  lead-line  is  very  small.  In  taking  dis- 
charge the  velocity  was  measured  at  mid-depth  only  and  at  eighteen  stations.  These 
stations  were  taken  at  the  same  points  each  day  and  were  near  together  where  the  hori- 
zontal curve  of  velocity  was  sharp  and  farther  apart  at  other  places.  The  mid-depth 
Telocity  was  reduced  in  computing  the  discharge  by  from  3}  to  4  per  cent.,  which  quan- 
tities were  determined  ftom  the  vertical  curves  of  velocity.  The  method  of  partial  areas 
was  used  in  computing.  The  eighteen  velocity  stations  divided  the  section  into  nineteen 
partial  area^s,  and  each  area  except  those  next  the  shore  was  multiplied  by  the  mean  of 
two  velocities.  The  apparatus  used  worked  very  nicely;  the  meters  were  rated  several 
times  during  the  work  and  always  with  the  same  result. 

VEBTICAL  VELOCITY  CUBVE8. 

These  curves  were  measured  with  the  current-meter  at  points  from  1  to  5  feet  apart  from 
the  surface  to  within  1.3  feet  of  the  bottom.  The  meter  was  run  from  ten  to  twenty 
minutes  at  mid-depth  and  two  minutes  at  each  of  the  other  points.  The  verticals  were 
measured  at  each  of  the  eighteen  velocity  stations  used  in  measuring  discharge.  The 
curves  were  plotted  on  cross-section  paper,  and  then  the  depth  was  divided  into  thirty 
parts,  and  the  velocity  was  scaled  at  each  depth.  To  combine  them  the  velocities  at  the 
same  proportional  depths  in  the  different  curves  were  added  and  the  resulting  curve 
plotted.  To  get  the  mean  velocity  the  area  of  the  curve  was  divided  by  the  depth.  I 
bave  made  four  combinations  of  these  curves  taken  between  January  27  and  July  1. 
Those  taken  between  July  1  and  September  7  have  been  combined  in  one  curve.  These 
carves  are  very  regular,  and  show  that  the  wind  has  but  little  effect  on  the  motion  of  the 
water,  and  that  the  average  per  cent,  of  mean  velocity  to  mid-depth  velocity  is  about 
98}^,  being  a  little  less  for  a  rising  river  and  a  little  more  for  a  fi»lli^  river. 

BEND  SOUNDINGS. 

I  began  sounding  a  section  across  Nine  Mile  Point  Bend  March  20,  and  these  soundings 
were  csntinued  at  intervals  till  September  7.  The  soundings  have  been  plotted  and  the 
datum  areas  calculated.  They  show  that  the  bottom  cut  out  as  the  river  rose  and  that 
it  filled  up  again  at  low  water.  # 

AMOUNT  OF  WOBK  DONE. 

Diaeharges  measured 148 

Vertical  velocity  curves  measured 61 

Section  in  bend  sounded Stimes. 

Respectfully  submitted. 

W.  O.  PRICE, 

A88istant  Engineer. 
Maj.  Amos  Stickney, 

Corps  of  Engineers,  U.  S.  A. 
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Tabulated  r&mlts  of  discharge  mewmremenU. 


Date. 


1883. 
January  27 ... 
January  90... 
January  31 ... 
February  1... 
February  2... 
February  5... 
February  7... 
February  8... 
February  9... 
February  10. 
February 
February 
February 
February 
February 
February  __. 

February  22 

February  23 

February  28 

March  I 

March  2.... 

March  3. 

March  6 

March  7.... 

March  9.... 

March  12 

March  13 

March  14„ 

Mardi  15 

March  16 

March  17 

March  19 ^. 


13. 
16. 
17. 
19. 
20. 
21. 


March  20. 
March  21. 
March  22. 
March  23. 
March  24. 
March  26. 
March  28. 
March  29. 
March  30. 
March  81. 

April  2 

April  3 

April  4 

Aprils 

April  6.... 

April  7 

April  9 

April  10... 
April  11... 
April  12... 
April  14... 
April  16... 
April  17... 
April  18... 
April  19... 
April  20... 
April  21... 
April  23... 
April  24... 
April  25... 
April  26... 
April  27... 
April  28... 
April  30... 


3 


May 
May 
May 
May 
May 
May 
May 


1. 
2.. 
3.. 

4.. 
5.. 
7.. 
8.. 


4.609 
4,970 
5.310 
5.630 
6.170 
7.634 
8.494 
8.738 
8.989 
9.230 
9.485 
9.915 
10.385 
10.980 
11.075 
11.165 
11,340 
11.680 
12. 151 
12.330 
12.377 
12.298 
12.490 
12.685 
12.952 
12.785 
12.875 
12.940 
13.045 
13.102 
13.175 
13.317 
13.492 
13.452 
13.300 
13.468 
13.910 
13.991 
14.120 
14.264 
14.560 
14.675 
14.839 
14.945 
16.007 
15.082 
15.133 
15.388 
15.465 
15.260 
15.123 
15.103 
15.061 
14.808 
14.689 
14. 610 
14.564 
14.580 
14.500 
14.487 
14.420 
14.355 
14.223 
14.300 
14.201 
14. 213 
14.238 
14.234 
14.245 
14.190 
14.268 
14.130 
14.014 


5 

u 


2,289 
2,290 
2,290 
2,291 
2,292 
2,300 
2,329 
2,340 
2,342 
2,348 
2,355 
2,355 
2,360 
2,362 
2,364 
2,366 
2,420 
2,518 
2.520 
2,546 
2,546 
2,550 
2,555 
2,560 
2,567 
2,567 
2,567 
2,567 
2.567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,568 
2,568 
2,568 
2,568 
2.568 
2,568 
2,568 
2,568 
2,568 
2,568 
2,568 
2,567 
2,567 
2,567 
2,567 
2.567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 


u 
OS 


Sq.feel. 
147,596 
148,642 
149,784 
152,046 
153,062 
157.266 
159,190 
169,668 
160,362 
161,014 
162,122 
161,230 
162,212 
162,736 
163,014 
162,862 
164,376 
165,012 
165,492 
164,848 
164,926 
165,486 
165.976 
163,498 
164.686 
158,542 
158,623 
160,700 
161,146 
162,386 
162,664 
162,426 
162,838 
161,040 
163,658 
163,280 
164,422 
159,410 
169,726 
160,132 
164,784 
165,070 
167,010 
167,244 
170,620 
171,810 
178,082 
173,487 
174,694 
174, 196 
184, 116 
178,080 
183,272 
179.526 
184,212 
184,123 
181,130 
182,189 
180,716 
180,689 
179.468 
179,407 
180,031 
180,123 
179,579 
178,714 
178,608 
178,608 
179,716 
179,569 
179,774 
178,388 
178,192 


9 

cS 

©"S 

Sk 

S 

si    ' 

l\ 

a 

3 

& 

Mean 
per» 

*  2 

5 

8q.  feH* 

J     JTprf. 

Otb.ftd. 

137,236 

2.830 

417.  a» 

137,448 

2.994 

4fi.0tt 

137,766 

!        3.006 

450, 4S1 

139,061 

3.028 

160, 40» 

139, 181 

3.249 

496.  ST 

139,826 

3.820 

GOO,  77 

139,228 

4.133 

6S7,Mft 

139,614 

t        4.070 

649.  ai7 

139,837 

1        4.198 

0.1fi 

140,061 

1        4.219 

67S.414 

140,517 

4.190 

679.31 

138,612 

4.269 

A8H.su 

138,566 

1        4.706 

7€3.» 

137,501 

4.823 

7S4.S3 

137,424 

4.833 

Tff.JBT 

137,107 

4.9K 

i*»,m 

138,275 

4.922 

(«a.i7i 

137,506 

5.172 

a8.x 

136.;>".>2 

r..l43 

8e,K2 

135.  T:« 

5.159 

fiO,S6S 

136, 151 

5.268 

f9M» 

136,627 

5.338 

HU.as 

137,301 

5.467 

HW.a* 

133,140 

5.551 

907,117 

133,891 

\688 

w.m 

128.171 

5.631 

tBZ,:» 

128,240 

5.571 

SB.  CM 

130,022 

5.670 

9lLm 

130,152 

.^743 

9SS.4B0 

131,267 

•\670 

91t.S» 

131,384 

5.644  i 

918.114 

131,570 

5.702 

936.  SI 

131,560 

5.818 

9C7.3M 

132,640 

5.834 

9Si,l« 

132,594 

5.837 

«R4,9M 

132,000 

5.849 

tf»kC3 

132,170 

5.SS4 

C«,«« 

126,802 

6.218 

mim 

126,832 

6.199 

»Q.ai 

131,  m2 

6.164 

WB.4» 

131.055 

»i,107 

l,G(».flB 

131,  CS7 

•>.  123 

1.0KI.9I 

132.  Ul 

(^.230 

l.CJfflLW 

132, 142 

e.  175 

LCOltll 

135,452 

6.066 

1.0».«» 

136J»71 

6.078 

l.OT.ai 

137.  '.ilia 

5.970 

1,0©.:^ 

137,772 

6.219 

l,6ra.<BI 

138.  128 

S.982 

1,044.  «K 

138, 47r» 

tK0Q6 

l,OH,l» 

148.  >)0«> 

5.588 

l.(B8.«7 

142,814 

5.800 

um,fat 

147.  U36 

5.021 

1,0».» 

144,  y^) 

.'.563 

i,oai» 

149.  M86 

5.S64  1 

l.CB^« 

149. 'J72 

5.528  i 

l,01l,» 

146,996 

*>.507 

997,aB 

148,021 

5.469 

9M.4# 

146,(507 

5. 315  ! 

mfK» 

146.  t4fj 

5.3S7 

966.01 

145.724 

5.336 

967.W 

145,796 

5.346 

961.96 

147.  C23 

5.313 

96(,C1 

146,  «>W 

5.320 

96B.m 

146,  nt9  ; 

5. 414 

9fn.4S 

145,655  i 

5.361 

986,1* 

145.  TTS 

5.260 

m,m 

145, J78  i 

5.256 

m» 

146,338  i 

5.26S 

9fi.ff 

146,332 

5.356 

9CS190 

146,337 

5.256  ; 

«»•• 

145,251  : 

6.207  > 

"••fj 

145,353 

5.309 

9I6^» 

*  Below  zero  of  Carrollton  grange. 
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TabidaUd  ramtta  of  diKharge  meaiuremenU — Continued. 


5 

[j 

t_ 

2.587  1 

14.161 

2.687: 

a.sa 

^^' 

1   .478 

1:JU 

3 

12.777 

417 

12.  aw 

'i 

11.4.'» 

'* 

»f; 

fPl 

2.082 

ItS! 

S 

A.. 

aq.fKO. 
143. 1«6 

I     143;S«4 


178.080        UM) 


fl,«45  I    ISl.lMI 


•i  i  11 

1^ !  r 
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Tabulated  results  of  vertical  veloeiiy  measuremetUs. 


Depth. 

First.    Combination  of 
12  verticals.      Wind 
down  stream — ve- 
locity. 

Second.    Combination 
of  16  verticals.  Wind 
up  stream— velocity. 

Third.  Combination  of 
8  vertioals.    Rising 
river— velocity. 

Fourth.    Combination 
of  83  vertioals.      A 
mean  of  all  to  July 
l~veloolty. 

<•    > 

lie 

his 

Surface 

5.34 
5.38 
5.42 
5.42 
5.44 
5.42 
5.44 
5.48 
5.45 

5.72 
5.80 
5.82 
5.80 
5.81 
5.79 
5.79 
5.78 
5.80 
5.82 
5.81 
5,78 
5.75 
5.78 
5.76 
5.74 
5.78 
5.79 
5.76 
5.73 
5.69 
5.67 

5.96 

6.06 

6.09 

6.09 

6.09 

6.09 

6.14 

6.18 

6.16 

6.18 

6.18 

6.16 

6.13 

6.21 

6.18 

6.12 

6.17    1 

6.09    ! 

6.03 

5.98 

5.93 

5.98 

5.94 

5. 88 

5.79 

5.6S 

5.50 

5.23 

4.96 

4.35 

4.07 

3.64 

5.49 
5.58 
5.62 
5.60 
5.61 
5.50 
5.60 
5.61 
5.63 
5.62 
5.63 
5.60 
5.60 
.       5.59 
5.56 
5.55 
5.53 
5.55 
5.53 
5.51 
5.45 
5.43 
5.40 
5.39 
5.24 
5.07    ' 
4.88 
4.70 
4.36 
3.96 
3.83 
8.07 

ITJ 

1-30 

13 

2-30 

13 

3-30 

IS 

4-30 

'        13 

5-30 

i        171 

6-30 

'        13 

7-30 

13 

8-30 

177 

^-30 ; 

5.48 
5.44 
5.44 
5.48 
5.44 
5.43 
5.42 
5.42 
5.38 
5.36 
5.36 
5.29 

13 

10-30 

13 

11-30 

12-30 

13-30 

14-30 

15-30 

16-30 

17-30 

18-30 

19-30 

20-30..^ 

in 
i« 
itt 

171 

le 

!• 
IS 

15: 
iss 

21-30 

5.28 

19 

22-30 

5. 27            5. 61 

10 

23-30 

5.16 
5.10 
4.91 

5.59 
5.48 
5.31 
5.17 
4.92 
4.56 
4.13 
3.65 
3.06 

117 

24-30 

144 

25-30 

IS 

27-30 

29-30 ' 

4.74 
4.66 
4.34 
3.94 
3.72 
3.06 

IB 

IM 
LSI 
1.74 

Bottom ' 

1.57 

Mean  velocitv..*. , 

5.200 
5.420 
96.29 

5.548 
5.750 
96.48 

5.877 
6.160 
95.71 

5.344 
5.350 
96.29 

ISO 

19 

Percent  of  mean  to  mid-deptt 

I 

%.9 

Tabulated  results  of  soundings  in  Nine  MUe  Point 

Bend,  18 

83. 

Date. 

March  20 

March  27.. 

April  16 

Oauge. 

Datum  areoo. 

13.5 
14.2 
14.8 

Square  feet. 
177,940 
186,016 
180,000 
186,640 
189.156 

Mays 

May  23 

14.2 
13.9 

June  5 

June  26 

September  7... 

1 

1 

3.4 
2.5 
2.0 

184,300 
196,738 
156,730 

BONNET  CABBE  CBEVASSE. 


On  December  20,  1882,  the  Commission  passed  a  resolution  reconimending  an  aUol* 
ment  of  $15,000  for  the  closing  of  this  crevasse.  The  allotment  was  made.  The  dn* 
of  Louisiana  subscribed  $15,000  and  private  parties  about  $5,000.  Under  these  ooaii- 
tions  the  New  Orleans  and  Mississippi  Valley  Railroad  Company  concluded  to  buiM  tbi 
levee.  An  agreement  was  entered  into  with  John  A.  Grant,  vice-president  of  the  coa- 
pany,  for  the  payment  to  him  of  $15,000,  less  the  necessaiy  expenses  of  inspecticn  asd 
acceptance  on  completion  of  tbe  levee,  for  the  entire  closure  of  the  creTasse.  Upon  reftfii 
of  completion  an  inspection  was  made  of  the  levee  February  15, 1883;  and  it  being  Ibu 


r 
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^  g!Ood,  substantial  work,  payment  was  made  FebmaTj  22,  1883.     Considerable  work  on 

^lils  levee  was  found  necessary  after  its  completion  and  during  the  flood.    This  was  paid 

ior  by  the  railroad  company  and  the  levee  maintained  in  good  order.     The  closure  of  this 

-orevasse  has  already  had  a  remarkable  effect  in  deepening  the  bed  of  the  river  in  the 

"Vicinity.     The  results  obtained  will  probably  be  fully  shown  in  the  recent  survey  made 

1>y  Assistant  Engineer  Ewens  under  the  direction  of  the  Commission. 

IMPBOVINO  HABBOB  AT  NEW  OBLKANS,  LOUISIANA. 

CSee  Plate  I.) 

The  project  for  this  work  was  approved  by  the  Commission  September  18, 1882.  The 
X>l2uit  necessary  for  its  prosecution  having  been  procured,  everything  was  in  readiness  and 
m  wJM.  place  for  commencing  the  construction  of  the  mattress  400  feet  wide,  beginning  at  the 
of  the  CarroUton  bend  October  9, 1883.  Proposals  for  furnishing  brush  were  opened 
.fler  due  advertisement  September  5,  and  George  W.  Davis,  being  the  lowest  bidder,  was 
-awarded  the  contract  at  $1.75  per  cord.  Requisition  was  made  upon  the  executive  offi- 
of  the  Commission  for  the  stone  for  ballast,  iron,  wire,  &c.  The  first  delivery  of 
^li^^rusli  was  made  October  13,  and  weaving  of  mattress  commenced  October  15.  After 
eaving  about  85  feet  work  was  suspend^  by  non-arrival  of  brush.  On  November  8 
bai^  loads  were  received,  and  work  recommenced,  but  after  weaving  about  190  feet 
Iditional,  work  was  suspended  again,  the  supply  of  brush  being  exhausted.  I  have 
x-^scommended  the  annulment  of  the  contract  and  will  make  other  arrangements  for  pro- 
^zr'viring  brush.  On  October  9  about  838  yards  of  stone  were  received  from  the  executive 
<:»Acer  of  the  Commissiop.  Since  then  no  stone  has  been  received,  and  I  am  informed 
-^Inat  none  can  be  expected  till  about  the  htst  of  this  month. 

Cabbollton,  La.,  Novembers,  1883. 

Ma  JOB:  I  have  the  honor  to  submit  the  following  report  of  work  done  towards  im- 

j^Toving  the  harbor  of  New  Orleans  since  you  placed  me  in  charge,  which  was  on  the  1st 

oi' August,  1883.     A  steam- tug  had  been  purchased,  and  the  ten  baizes  on  which  the 

"■Toattress-ways  were  to  be  constructed  had  been  completed  in  Saint  Louis  and  delivered 

s^t  CarroUton;  and  I  began  at  once  to  get  up  a  plan  for  joining  these  barges  and  for  build- 

i-s:3g  the  mattress-ways  on  them.     I  also  submitted  a  plan  for  building  the  mattress  and 

-^sstimates  of  mati^rial  required.     These  plans  and  estimates  were  approved* by  you,  and 

"•^lie  building  of  the  mattress- ways  begun  on  August  21.     Owing  to  the  difficulty  in  get- 

"^ing  good  carpenters  and  the  slow  delivery  of  material,  they  were  not  completed  till  Sep- 

"^^mber  29.     The  mattress- ways  are  28  feet  wide  and  400  feet  long;  they  are  constructed 

^fc^ross  the  ends  of  ten  barges,  euch  of  which  me:isure  100  feet  by  20  feet.     These  barges 

^^'e  separated  22 J  feet,  and  are  so  linked  together  that  high  waves  cannot  injure  them  or 

*^^e  mattress- ways.     In  accordance  with  your  order,  a  storehouse  was  begun  on  Septem- 

^^«r  19  and  completed  on  October  4.     It  is  a  building  20  feet  by  80  feet,  and  a  room  20 

^^t  by  20/eet  was  partitioned  off  of  one  end  for  an  ollice.     All  the  supplies  received  for 

"^^^Us  work  and  some  other  property  belonging  to  your  department  have  been  placed  in 

"^iiis  building. 

The  plant  for  building  mattress  was  placed  in  position  at  the  head  of  CarroUton  Bend 

'^^^ctober  9,  and  the  construction  of  mattress  be|^  on  the  14th.     The  willow  brush  is 

^^o^en  on  poles,  which  have  iron  rods  nailed  to  them.     The  pole«<  and  rods  are  25  feet 

*piif5,  and  when  one  set  has  been  woven  full  of  brush  another  set  is  linked  on.     Two  No. 

^  '^ires  run  through  and  across  the  mattress  every  12  feet  of  its  length,  and  heavy  bind- 

^         poles  are  wired  across  every  25  feet  in  length.     It  is  proposed  to  make  this  a  oontinu- 

mattress,  and  to  sink  it  as  fast  as  we  weave  it.     Owing  to  the  failure  of  the  contractor 

fomish  brush,  only  about  85  linear  feet  of  mattress  have  been  constructed. 

HespectfuUy  submitted. 

W.  G.  PRICE, 
AsgifUant  Engineer, 
Ifig.  AM06  Stickxey, 

Corps  of  Engineers,  U.  8.  A . 

In  the  third-district  harbor  front,  where  the  annual  destruction  of  the  wharves  by 

sliding  banks  seemed  to  present  a  very  serious  trouble,  the  experience  of  the  past  year 

^Uie  shown  a  more  encouraging  condition  of  affairs.     The  wharf  lessees  made  a  partial 

"Experiment  of  a  plan  suggested  by  the  Board  of  Engineers,  >iz,  the  scouring  out  of  the 

high-water  deposit  under  the  wharves  by  turning  the  propeller  of  a  tug,  the  tug  being 

made  fast  in  a  proper  position.    The  result  of  this  experiment  was  so  satisfactory  where 

the  wharves  were  so  constructed  as  to  permit  a  proper  application  of  the  scouring  cur- 
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rent  from  the  tag  wheel  that  it  is  hoped  a  more  fiAvorahle  shape  of  wharf  and  thorongb 
application  of  the  tug  scouring  afler  each  high  water  will  prove  an  effectual  remedy.  On 
July  31, 1883,  the  following  letter  was  addressed  to  Mr.  Kirk,  in  charge  of  the  wharves. 
No  reply  has  been  received  from  him: 

Unitkd  States  Engineer  Office, 

Nnc  Orleans,  La.,  July  31,  1883. 

Sib:  I  desire  to  call  your  attention  to  a  method  of  preventing  the  caving  of  bank  and 
consecjuent  destruction  of  wharves  along  the  river  front  in  third  district.  The  Board  of 
Engineers,  of  which  I  was  a  member,  and  which  assembled  in  this  city  in  the  fall  of  1881, 
recommended  in  their  report  (as  one  of  the  means  that  might  be  tried  to  prevent  this 
caving)  the  washing  out  of  the  high-water  deposit  under  the  wharves  by  turning  the 
wheel  of  a  tug,  so  placed  as  to  send  a  current  in  the  proper  way.  This,  I  am  informed, 
was  tried  to  a  certain  extent  last  summer  with  very  satisfactory  results.  As  this  is  a 
matter  of  very  considerable  importance  to  you  in  the  maintenance  of  your  wharves,  I 
write  to  ask  you  to  give  the  plan  a  more  systematic  and  thorough  trial.  As  the  water  is 
now  falling,  it  would  be  well  to  commence  as  soon  as  possible,  before  the  deposit  begins 
to  slide.  If  this  proves  to  work  satisfactorily,  all  wharves  built  in  future  could  be  so 
planned  as  to  admit  of  the  proper  placing  of  the  tug,  and  the  annual  cost  of  the  work 
would  be  small.  If  you  conclude  to  make  the  trial  I  would  like  to  have  one  of  my 
assistants  make  measurements  to  note  the  results,  and  to  give  you  any  assistance  that 
he  could  with  reference  to  determining  the  proper  points  for  scouring. 

Very  respectfully,  your  obedient  servant, 

AMOS  STICKNEY, 
Major  of  Engineers,  U.  6*.  A. 

Mr.  Gbokge  H.  Kirk, 

Xeu/  Orleans,  Iai, 

In  my  letter  of  September  16, 1882,  to  the  Ck>mmission,  submitting  project  for  improve- 
ment of  New  Orleans  Harbor,  I  called  attention  to  the  foctthat  at  other  parts  of  the 
harbor  work  would  probably  be  necessary,  and,  that  the  experience  gained  and  results 
arrived  at  in  CarroUton  Bend  would  be  a  guide'  for  the  extension  of  the  work.  During 
the  past  summer  very  extensive  caving  of  the  bank  has  occurred  in  the  Gooldsborough 
Bend,  and  above,  on  the  right  bank  of  the  river,  the  extensive  wharf  and  a  part  of  the  lai^e 
depot  building  of  the  Texas  PiUjific  Railroad  sunk  into  the  river.  The  commercial  im- 
portance of  ^hi<«  part  of  the  harbor  is  rapidly  increasing,  as  shown  in  the  accompanying 
letter  of  Mr.  E.  B.  Wheelock,  president  of  the  New  Orleans  Pacific  Railway  Company, 
and  report  of  Assistant  Engineer  W.  G.  Price.  To  thoroughly  protect  the  right  bank  will 
require  a  great  deal  of  work,  which  should  cover  both  bends  and  perhaps  the  straight 
reach  between,  as  shown  in  accompanying  sketch. 

New  Orleans  Pacific  Railway  Company, 

President's  Office, 
New  Orleans,  La.,  November  17,  1883. 

Dear  Sir:  In  connection  with  your  present  important  labors  in  the  nei;]chborhood 
of  New  Orleans,  I  beg  leave  to  call  your  attention  to  the  condition  of  the  bend  from 
Westwego  to  Algiers,  opposite  the  first  district  of  New  Orleans.  This  bend  is  rapidly 
becoming  one  of  the  most  important  portions  of  the  harbor  of  New  Orleans.  The  Mor- 
gan Railroad,  managed  by  the  Southern  Pacific,  and  the  Texas  and  Pacific  Railway,  now 
operating  the  property  and  franchises  of  the  New  Orleans  Pacific,  have  costly  and  need- 
ful termini  at  this  point,  where  facilities  must  exist  for  handling  the  commerce  of  the 
Southwest  and  West,  including  the  Pacific  slope.  Wharves  and  transfer  facilities  have 
already  t)een  built  at  lavish  expense,  and  more  are  needed.  Besides  the  railways  there 
are  such  important  enterprises  begun  on  the  same  shore,  as  the  terminal  facilities  of  the 
barge  companies,  compresses  and  warehouses  for  cotton,  grain  elevators,  cotton-seed 
mills  and  storehouses,  and  wharves  for  other  purposes.  At  the  upper  end  of  the  bend 
opposite  Louisiana  avenue  there  is  Harvey's  Canal,  connecting  with  the  network  of  navi- 
gation through  the  Bayou  Barataria.  These  great  and  constantly  increasing  ioteresti 
of  commerce  and  navigation  require  immediate  protection.  It  is  a  case  of  urgency  in- 
cluded beyond  doubt  in  the  protection  of  commerce  and  navigation  by  the  National  Gov- 
ernment. If  the  river  be  controlled  at  that  point,  the  depots,  tracks,  inclines,  wharves, 
compresses,  and  elevators  designed  for  the  trade  of  half  of  the  continent  will  be  secure 
and  useful.  If  the  river  be  at  this  point  not  controlled  the  whole  machinery  of  commercial 
intercourse  above  detailed  is  put  in  constant  jeopardy,  its  development  arrested,  and  its 
very  existence  made  a  matter  of  doubt.  The  remedy  for  this  evil  does  not  seem  difficult. 
It  cannot  be  found  in  private  enterprise.  It  is  not  within  the  jurisdiction  or  duty  of 
any  single  riparian  proprietor.     It  would  seem  to  be  easily  found  in  the  scope  of  th« 
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D»tional  power  as  exercised  for  the  improvement  of  harbors  and  the  protection  of  com- 
merce. The  caving  in  this  bend  has  already  destroyed  the  depot  of  the  Texas  and  Pacific 
Road,  and  carried  away  a  portion  of  an  incline  and  wharf.  It  has  compelled  the  setting: 
back  of  a  costly  levee  at  great  expense.  It  threatens  the  entire  commerce  above  de^ 
scribed  and  may  occur  again  at  any  point  from  Algiers  to  Westwego.  I  have  thought 
it  not  improper  to  ask  your  kind  attention  to  this  subject,  and  to  bespeak  for  it  your 
consideration.  I  may  add  that  on  the  2d  instant  I  addressed  a  statement  of  the  facts  to 
Hon.  B.  F.  Jonas,  of  the  United  States  Senate,  and  the  communication  was  concurred  in 
and  indorsed  by  the  following  gentlemen:  Drincan  F.  Kenner,  president  Planters,  and 
Crescent  Oil  Company;  A.  Scfireiber,  president  New  Orleans  Warehouse  Company;  John 
Phelps,  president  Cotton  Exchange;  R.  S.  Howard,  president  Chamber  of  Commerce;  W. 
J.  Behan,  mayor  of  New  Orleans;  Oomila  &  Co.,  managers  Relief  Elevator  and  Ware- 
house Company;  Morgan's  Louisiana  and  Texas  Railroad  and  Steamship  Company,  per 
A.  C.  Hutchinson,  president. 

Very  respectfully  yours, 

E.  B.  WHEfcLOCK, 

President, 
Miy.  Amos  Stickney, 

Corps  of  Engineers,  U.  S.  A. 

New  Orleans,  La.,  November  19,  1883, 

Major  :  In  accordance  with  your  order,  I  have  obtained  the  following  information  Id 
regard  to  values  of  property  on  the  river  front  in  Gouldsborough  and  Gretna,  between 
Harvey's  Canal  and  the  upper  line  of  Orleans  Parish,  as  follows: 

Texas  and  Pacific  Railroad  terminus $400,000 

Gomila  &  Co.,  barge  interest 50,  OOO 

New  Orleans  Compress  and  Warehouse  Company  cannot  establish  works  unless 

bank  is  protected \ _   150,000 

Richard  Street  Ferry  Company  suffer  from  caving  banks.     Morgan's  Railroad, 

warehouse  and  terminus  at  Gretna 200,  000 

Jackson  Street  Ferry  Company  suffer  from  caving  banks. 

Union  on  Mills .._ :}00,  000 

Crescent  City  Oil  Mills „ 300,000 

Each  of  the  oil  mills  has  large  wharves.  These  values  represent  the  cost  of  prop- 
erty located  there,  but  they  would  not  begin  to  cover  the  value  of  interests  if  they  were 
lost.  The  value  of  the  i)ropcrby  above  Harvey's  Canal  and  below  the  uppvjr  line  of  Orleans 
Parish  I  have  not  had  time  to  get.  I  find  from  the  above  that  the  ri  ver  front  in  this 
bend  is  being  occupied  for  railroad  termini,  transfer  facilities,  warehouses,  and  similar 
oonstructions.  These  things  are  all  used  for  purposes  of  commerce  and  navigation,  and 
they  cannot  be  safely  used  unless  the  bank  is  protected. 

LENGTH  OF  BANK  TO  DB  PROTECTED. 

In  accordance  with  your  order,  I  have  divided  the  river  bank  which  needs  improve- 
ment into  three  sections.  The  first  begins  3, 100  feet  above  the  Company  Canal,  and  ends. 
2,800  above  Harvey's  Canal,  and  is  20,300  feet  long.  The  second  section  begins  at  the 
end  of  the  first,  and  ends  3,H00  feet  below  Har>'ey's  Canal,  and  is  6,540  feet  long.  The 
third  section  begins  at  the  end  of  the  second,  and  ends  at  De  Armas  street,  in  Algiers, 
and  is  13,600  feet  long.  Oiving  to  the  interests  located  along  the  third  section,  it  needs 
improvement  much  more  than  other  sections,  but  the  work,  to  be  permanent,  must  soon* 
be  carried  around  the  whole  bend.  In  accordance  with  your  order,  two  methods  of  im- 
provement have  been  worked  out  and  estimates  of  the  cost  of  each  made. 

FIRST  METUOD. 

This  is  the  same  that  is  being  put  down  in  Carroll  ton  Bend,  and  consists  of  a  contin- 
uous mattress  350  feet  wide,  ballasted  with  rock.  Data  obtained  from  the  Carrbllton 
Bend  work  shows  that  it  will  cost  4.42  cents  per  square  foot.  There  are  two  objection* 
to  this  method  of  improvement:  First,  the  difficulty  in  laying  a  continuous  mattress^ 
where  there  are  wharves  in  constant  use;  and,  second,  the  probability  that  the  mattrass^ 
would  be  wrecked  by  the  sliding  down  of  wharves,  under  which  a  bank  of  silt  had  col- 
lected. 

SECOND  METHOD. 

This  consists  of  a  system  of  dikes  built  out  at  right  angles  to  the  bank  and  from  50O 
to  1,600  feet  apart.  A  mattress  350  feet  by  100  feet  will  first  be  laid  and  then  a  dike  30 
feet  wide,  20  feet  high,  and  300  feet  long  will  be  laid  on  the  center  of  the  mattress^ 
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reaching  to  within  50  feet  of  the  deep-water  end  of  the  mattress.  The  dike  will  consist 
of  willow  brash  and  stone.  The  brash  will  be  woven  in  thicknesses  of  4  or  5  feet  and 
flank  one  on  another  till  a  thickness  of  20  feet  is  reached.  In  this  bend  a  dike  20  feet 
high  will  carry  the  bank  oat  horizontallj  aboat  60  feet.  The  carrent,  passing  a  dike  and 
moving  in  a  line  tangent  to  the  curve  above,  will  strike  the  bank  again  in  about  750  feet, 
where  another  dike  would  have  to  be  constructed.  As  the  bend  is  somewhat  irregular, 
the  dikes  would  have  to  be  nearer  together  at  some  places  and  farther  apart  at  others. 

The  mattress  under  the  dike  would  cost,  at  4.42  cents  per  square  foot $1,547 

The  dike,  at  4.97  cents  per  cubic  foot,  would  cost 8,  946 

Making  a  total  cost  of  mattress  and  dike 10,493 

I  have  estimated  stone  to  cost  $3  per  cubic  jrard,  loose  measurement,  and  the  dike  to 
<x>ntain  5.1  pounds  of  stone,  weighed  in  water,  per  cubic  foot,  over  the  amount  necessary, 
to  overcome  the  buoyancy  of  the  brush.  Thifl  weight  would  be  increased  by  the  sand 
and  silt  whicfi  would  collect. 

COST    OF  THE  IMPBOVEMENT. 
FIBST  SECTION. 

Length  of  section feet..       20,300 

Cost  toi»x>tect  with  mattress $314,000 

Cost  to  protect  with  dikes,  750  feet  apart 294,000 

SECOND  SECTION. 

Length  of  section feet-.         6,540 

Cost  to  protect  with  mattress $101,000 

Cost  to  protect  with  dikes,  1,635  feetapart 42,000 

THIBD  SECTION. 

Length  ofsection feet..       13,600 

Cost  to  protect  Mrith  mattress $210,000 

Cost  to  protect  with  dikes,  750  feet  apart _ 189,000 

The  entire  third  section  is  a  caving  bank,  and  if  not  protected  it  will  in  time  cut  away 
Algiers,  and  change  the  whole  front  on  the  opposite  side  of  the  river. 
Respectfully  submitted. 

W.  G.  PRICE, 
United  States  Assistant  Engineer. 
M^.  Amos  Stickney, 

Corps  of  Engineers,  U.  S.  A. 


The  following  is  a  financial  statement  of  the  different  works  in  my  charge: 

OONSTBUCTION  AND  BBPAIB  OF  LEVEES,   FOUBTH  DISTBICT. 


Allotted 
Drawn... 


On  hand.  Assistant  Treasurer,  New  Orleans,  October  31, 1883. 
Expended  to  October  31, 1883. 


Atchikfitlaya 
front. 


Tensas  front. 


tllO,000  00 
100,000  00 

'  ia8,'9*7  22 


$43S,1«0  00 
126, 160  00 
174,929  19 
251.630  81 


Balance,  December  1,  1882 $44,966  98 

Received  since _ ^ 476,160  00 

521, 126  96 
Expended  to  October  31,  1883..— 349,545  01 

Balance  on  hand,  October  31, 1883. 171,681.97 

Disbnrsements  since  December  1, 1882: 

Transportation _ 1,949  97 

Misc^laneons 9,034  59 

Inspection  of  contract  work,  salaries _ _.  $11,720  50 

Contract  work  on  levees  and  protection  daring  high  water 326, 839  95 


Total  since  December  1, 1882 349,545  01 
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SUBVEY  OF  UNLEVEED  FBOXTS,   FOUBTH  DI8TBICT. 

AUoUed $1,000  OO 

Drawn  or  expended . 

NATCHEZ  AND  VIDALIA. 

Transferred,  September  9, 1882 $7,529  0^ 


On  hand,  Asstetant  Treasurer,  New  Orleana,  October  31,  1883.. 5, 331  42 

Expended  sinoe  September  9,  1882. _ 2,197  67 

Balance  December  1, 1882 6,979  01 

Expended  since 1,647  59 

Balance  October  31,  1883 5,331  42 

Disbursements  since  December  1,  1882: 

Material $12  50 

Transportation 45  09 

Rent  of  land... ._ 50  00 

Careof  property 1,540  00 


Total - 1,647  59 

First  cost  of  plant  at  this  work  is  not  known.     It  consists  of  4  flatboats,  tools,  furni- 
ture, and  implements. 

MOUTH  OF  BED  BIVEB,  LOUISIANA. 

In  Treasury  Department,  September  SO,  1862 $75, 000  00 

Transferred,  September  30,  1882 8, 153  94 

Drawn - 15,000  00 

In  hands  of  assistant  engineer 113  02 

Expended  since  September  30,  1882 37,883  46 

Balance  December  1,  1882 — 

fieceived  since * $15,000  00 

Dae  fiom  appropriation,  December  1, 1882 7, 123  93 

Expended  since  December  1, 1882 22, 605  59 

Balance  due  from  appropriation,  October  31,  1883 «. 14,729  52 

Disbursements  since  December  1,1882: 

Survey  parties,  including  survey  for  Plaquemine  route..  6, 238  29 

Miscellaneous 1,878  88 

Dredging  operations,  including  hire  of  fleet . 14, 488  42 


First  cost  of  plant  now  employed. 


22, 605  59 


8UBVEY  OF  CUBITTS  GAP  AND  VICINITY. 

Allotted - $300  00 


Drawn _.  300  00 

Expended  to  October  31,  1883 137  14 

^  hand,  assistant  treasurer,  New  Orleans.- 162  8G 

^isbuTBements  since  December  1, 1882: 

Drayage 

Stationery 

Telegrams 

Material 

Provisions 

Services 

137  14 


$1  00 

3  75 

6  70 

8  51 

40  10 

77  08 
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IMPBOVINO  MISSISSIPPI  BIVEB — 0BSEEVATI0N8  AT  CABBOLLTON,   LOUISIANA.. 

AUotmeut |3,0OO  OO 

Drawn.. 3,000  OO 

Expended 3,0CX>  OO 

Balance  December  1,  1QS2 3,000  OO 

Expended  to  October  31,  1883 3,000  OO 

Disbarsements  since  December  1,  1882: 

Telegram $0  72 

Storage _ 6  00 

Stationery 10  93 

Lumber _ —  12  39 

Coal 134  15 

Material 187  63 

Transportation 220  60 

Hire  of  launch 300  00 

Services 2,127  58 

— 3.  OOO     OO 

MISSISSIPPI   RIVUB  COMMISSION — OBSERVATIONS  AT  CARBOLLTON,    LOUISIANA 

Allotted $1,500     <X 

Expended ._ - 1,44^4      61 


Balance  on  hand  October  31,  1883 ^ 6,S«      3J 

Disbursements  since  December  1,  1882: 

Telegrams _._ $0  75 

Transportation 1 15  00 

Material - 41  98 

Fuel--- 72  55 

Service 1,314  33 

1,44^      * 

CLOSING   BONNET  CARRE  CREVASSE. 

Allotted -- $15,00€::^      ' 

Drawn 15,00C^ 

Expended  since  December  1,  1882,  contract  work 15,  OOC^ 

HARBOR  AT  NEW  ORLEANS,  LOUISIANA. 

In  Treasury  Department,  Washington,  July  1,  1882 $144,  525  90 

On  hand.  Assistant  Treasurer,  New  Orleans,  July  1, 1882...         3,  267  91 

In  hands  of  Assistant  Engineer,  October  31 ,  1883 100  00 

$147,  893 

Exi)ended  since  July  1,  1882 .^ _ _..         8,845 

Balance  on  hand  December  1,  1882 .._ 2,  055  79 

Expended  since 7,632  89 

Balance  due  from  appropriation t 5,577  10 

Disbursements  since  December  1,  1882: 

Miscellaneous 506  97 

Material 453  88 

Surveys 145  14 

Service  at  the  works 1,966  06 

Office  expenses,  &c 570  93 

Plant -_. 3,989  91 

7,632 

First  cost  of  plant  now  employed 30,  610 

Very  respectfully,  your  obedient  servant, 

AMOS  STICKNEY, 
Major  of  Engineers,  U.  8.  A, 
Lieut.  Col.  C.  B.  CoMSTOCK, 

Corps  of  Engineers^  U.  S.  A.^ 

President  Mississippi  River  Coinmission. 
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APPENDIX  N. 

KKPORT    OF    PROFKn^OUS   K.  W.  IIILGABD     AND   F.  V.    HOPKINS    IPON   THE   EXAMINA- 
TION    OF    SPECIMKNS    FROM   BORINGS  ON   THE    MISSISSIPPI     RIVER   BETWEEN    MEM- 
PHIS   AND   V1CKS1UB(J. 

Berkeley,  Cal.,  May  4, 1883. 

Dear  Siil:  I  tniijiult  herewith  a  detailuil  report  and  discussion  of  the  examination 

rriuade  by  Dr.  F.  V.  Hopkins  and  myself  of  the  specimens  from  borings  made  in  1879  by 

^A^^sistant  Engineer  E.  H.  Wilson,  under  the  auspices  of  the  Commission,  at  Memphis, 

HEeleaa,  the  neighborhood  of  Choctaw  Bar,  Greenville,  Miss.,  and  in  the  reaches  near 

I^3ke  Providence,  Louisiana.     These  sp3cimens  were  received  here  in  June,  1882;  but 

t  tieir  somewhat  laborious  microscopic  examination  was  not  complet<jd  by  Dr.  Hopkins 

^^  El  til  January,  1883,  when  I  found  it  necessary  to  request  the  ti-ansmission  of  two  other 

i»*i-ts  supplemental  to  the  five  originally  selected  as  rep-'*csentative  ones,  for  the  settlement 

or"  some  doubtful  points.     The  examination  of  the.se  sui^gested  the  need  of  still  further 

.^^cit-ension  of  scope,  which  was  accordingly  made.     The  research  has  now  reached  a  point 

■%vliere  its  further  prosecution  would  require  material  not  now  in  the  p<)ssession  of  the 

•CZ^om mission,  and  the  results  elicited  are  sufficiently  definite  for  the  objects  had  in  view, 

ii.*^  expre.s.sed  in  your  communication  to  me  of  December  '20,  1881.     The  ago  and  mutual 

■r>^lations  of  the  formations  penetrated  have  been  determined  with  all  attiuuable  certainty; 

iirXicl  while  in  part  unlooked  for,  the  result*?  agree  perfcftly  with  our  investigiitions  here- 

"totore  made,  and  complement  them  in  many  important  particulars. 

^Vhile  regretting  that  the  views  of  the  Commi&sion  do  not  permit  of  the  engraving  and 
I>ul>lication  of  tlie  new  forms  found  and  drawn  by  my  colaborer.  Dr.  Hopkins,  I  trust 
T  l^fit.  the  facts  here  presented  may  lead  in  the  future  to  a  more  thorough  and  exhaustive 
i  i^vc'stigation  ot  this  interesting  subject. 

Very  respectfully,  your  obedient  servant, 

E.  W.  HILGARD. 

F*irst  Lieut.  S.MITH  S.  Leach, 

Sccrcfary  Missimippi  Rhtr  f^ommimioti. 


REPORT. 
IPLANI)   BORINGS. 

Xn  the  borings  mule  in  the  uplands,  viz,  at  Memphis  (Xo.  2)  and  Helena  (No.  2), 

^^li^ile  the  results  have  corresponded  to  the  expectation  b^ised  upon  the  reseiirches  of  Owen, 

^^ "Afford,  and  myself,  respectively,  in  the  States  of  Arkansas,  Tennessee,  and  Mississippi, 

^  liore  has  been  added  important  confirmation  of  the  inferred  position  and  succession  of 

^^^^r^ata.     The  remark  of  Mr.  Wilson  (p.  144  of  the  report  of  the  Commission  for  lSi>l)  that 

*^^>'   **  study  of  the  northern  liguitic  formation  in  Missls-sippi  had  not  disclosed  any 

^^^-sterly  (lip"  is  correct  so  far  as  my  report  of  1 800  is  concerned,  Init  subsequent  ob- 

^^^T-vations  showed  me  tlie  regular  disappearance  below  water-level  of  the  northern  lig- 

?^itic  strata  in  following  the  westward  course  of  the  Tallahatchee  and  Yockeney  Patafa, 

^  *i>plying  a  westerly  dip  of  at  least  5  feet  per  mile  in  that  latitude.     Very  nearly  in  ac- 

"^^ordance  with  this  estimate,  the  characteristic  "  Flatwoods  Clays,"  which  dis;\ppear under 

^^^  sandy  strata  of  the  ' '  Ijagrango  Group '  ■  of  Safford  at  a  point  75  miles  east  of  Memphis, 

^;^fH^  struck  at  Memphis  at  the  depth  of  1()8.5  feet,  and  are  here  over  lUO  feet  in  thickness. 

^^He  clay  is  overlaid  by  the  equally'  well  cluiracterized  materials  of  the  Lagrange  Group, 

"^li   which  rests  a  thick  deposit  of  "orange  sand"  in  its  most  charaeteristic  features;  that 

^^^  in  its  turn  capped  by  the  loess  or  bluff  materials,  which  here,  however,  have  the  some- 

"^^^Hat  abnormal  composition  which  I  have  designated iis  "marginal  loess."     All  of  these 

"^i^^tii  are  in  entire  accord  with  what  has  been  observed  inland. 

At  the  Helena  Bluff  boring  we  have  the  highly  characteristic  loess  material  of  great 
^l^^ickness,  underlaid  by  only  a  thin  band  of  orange  simd,  whose  variation  in  thickness, 
*^^re  as  elsewhere,  is  one  of  its  prominent  features,  it  having  been  instrumental  in  the 
'^''Ccavation  of  channels  and  erosion  of  the  surfaces  upon  which  it  has  been  deposited, 
beneath  it,  and  but  a  few  feet  below  high-water  level,  appears  the  tertiary  marl,  with 
^He  same  typ^  of  fossils  as  that  found  by  Owen  inland  from  Helena,  croppingjout  in  the 
^>l\ifls  of  the  streams. 

It  may  be  necessary  here  to  express  my  dissent  from  the  conclusions  of  Mr.  Wilson  in 
^eg;ard  to  the  ci\uses  of  the  smallness  of  the  fossils  brought  up  by  the  auger  in  his  bor- 
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ings,  which  he  inclines  to  consider  as  th^  result  of  imperfect  development  in  oonseqaeiio& 
of  the  inflox  of  fresh  water.     At  the  early  time  at  which  these,  the  eqaivalents  of  the 
Claiborne  beds  of  Alabama,  were  formed,  the  continental  drainage  had  its  mouth  above 
Cairo,  and  the  Mississippi  of  to-day  had  not  yet  become  the  one  great  outlet,  the  Mis- 
souri having  no  existence.     A  gradual  upheaval,  prevalently  from  the  eastward,  was 
shallowing  a  part  of  the  great  Mississippi  embayment,  so  as  to  convert  its  margin  into 
swamps,  intersected  by  occasional  estuaries.     Such  continued  to  be  the  state  of  things  to> 
middle  tertiary  times  over  much  of  the  States  of  Mississippi  and  Louisiana.     Yet  we 
find  in  the  intercalated  marl  the  largest  and  finest  fossils ;  moreover,  as  a  matter  of  fiurt, 
there  are  fragments  of  large  fossils  in  several  instances — e.  g.,  Venericardia  pianieotia, 
Atletha  Tuomeyiy  Monoceroa  vetu9tu8j  and  others.     As  a  rule  such  large  fossils  would  be 
driven  out  of  the  way  by  the  pipe  in  its  descent,  or  ground  to  fragments.     The  smaller, 
and  especially  those  combining  hardness  with  smallness,  would  be  the  ones  that  the 
auger  would  leave  comparatively  uninjured,  such  as  pleurotamas^  natieaSf  Ac, 

Such  as  they  are,  however,  these  fossils  overwhelmingly  demonstrate  the  close  corre- 
spondence of  Uie  beds  penetrated  at  Helena  and  Choctaw  Bar  (whose  fades  is  altogether 
identical)  with  the  lower  portion  of  the  Claiborne  beds  of  Alabama;  perhaps  most  nearly 
with  those  older  ones,  which  Dr.  Eugene  A.  Smith,  State  geologist  of  Alabama,  has  lately 
examined  at  and  near  Wood's  Bluff,  Alabama,  and  which  rest  directly  upon  the  oldest  lig- 
nitic  and  fiatwoods  clays.  This  is  obviously  the  position  of  the  Helena  marl  bed,  since 
he  clays  found  in  the  bottom  boring,  No.  1,  at  162.3  feet  and  lower,  are  absolutely  in- 
distinguishable from  those  of  the  Memphis  boring.  These  facts  agree  again  with  t^e 
fact  that,  since  the  strike  of  the  Claiborne  strata  ob^rved  in  Mississippi  is  about  west- 
northwest  (not  due  west,  as  inferred  by  Mr.  Wilson  from  the  older  geological  map  of 
Mississippi),  their  dip  must  be  correspondingly  a  south-southwesterly  one,  from  Mem- 
phis toward  Helena. 

The  difference  of  nearly  150  feet  between  the  levels  at  which  the  tertiary  strata  have 
been  reached  in  the  bluff  and  in  the  bottom  boring  at  Helena,  not  quite  two  miles  apart, 
.  affords  a  measure  of  the  energy  of  the  erosion  effected  by  the  gravel-charged  floods  of 
the  quaternary  epoch. 

BOTTOM  BOBINGS. 

In  all  the  deeper  bottom  borings,  save  one  (viz:  No.  2,  Lake  Providence),  three  dis- 
tinct formations  have  been  penetrated,  viz,  the  river  alluvium  or  its  equivalents  in  time^ 
the  equivalents  of  the  Port  Hudson  beds,  and  the  eocene  tertiary  strata. 

Much  speculation  has  been  indulged  in  heretofore  as  to  the  average  depth  of  the  allu- 
vial deposits  of  the  Mississippi,  and  the  results  of  my  observations  in  the  Delta,  which 
seemed  to  indicate  that  the  deposits  of  the  modern  river  are  comparatively  shallow  even 
there,  have  been  repeatedly  called  in  question.  The  present  investigation  throws  much 
light  on  this  subject,  ^nd  likewise  rectifies  the  interpretation  of  the  age  of  the  '*  bottom 
gravel,''  which  has  long  been  known  to  underlie  the  great  bottom,  but  was  by  myself 
ooi\jectured  to  be,  in  the  main,  the  representative  of  the  ^'orange  sand"  of  the  uplands. 
Mr.  Wilson  correctly  concludes,  from  the  constant  occurrence  through  these  gravels  of 
lignite  grains  or  '*  wash,"  that  they  are  not  an  equivalent  of  the  orange  sand,  which  is 
always  singularly  free  from  any  oxidizable  matter.  The  microscopic  examination  cor- 
roborates the  importance  of  the  lignite  grains,  and  associates  them  with  grains  of  came- 
lian,  and  clear  quartz  spotted  with  carnelian  as  characteristics  of  the  Port'  Hudson  strata, 
to  which  group  the  great  beds  of  gravelly  sand  with  the  overlying  finer  sands  are 
accordingly  referred.  On  the  other  hand  the  same  examination  shows  the  vegetable 
remains  in  the  alluvium  to  be  merely  macerated,  or  slightly  carbonized,  detecting  no 
other  fossils  at  all. 

It  is  not  altogether  easy  to  see  why  this  should  be  so,  and  why  a  few  remains  of  root- 
lets or  wood  fibers,  and  rarely  even  these,  should  be  all  that  remain  of  the  multitude  of 
objects  that  the  great  river  has  an  opportunity  ofcarryingoff  in  its  long  course,  especially 
at  high  stages  of  water.  The  only  reasonable  explanation  seems  to  be  that  the  triturat- 
ing effect  of  the  sharp  sand,  with  the  rapid  eddying  motion  of  the  river,  tends  to  destroy, 
by  mechanical  attrition,  all  but  the  toughest  material  and  such  large  fossils  as  logs.  It 
cannot  but  be  presumed  that  in  the  back  or  slack- water  deposits  of  to-day  some  of  the 
many  organisms  of  the  cypress  swamps  must  be  preserved;  but  no  such  material  has  come 
under  our  examination.  On  the  whole,  a  person  habitually  familiar  with  the  deposits  of 
the  river  will  rarely  fail  to  recognize  them.  Moreover,  they  are  all,  even  to  the  sand-bars, 
characterized  by  a  very  frequent  alternation  of  materials,  due  to  the  alternate  influx  of 
deposits  from  different  sources  at  different  seasons  of  the  same  year,  so  that  a  close  observer 
may  in  many  cases  identify  the  materials  deposited  by  floods  derived  from  different  rivers, 
such  as  the  Arkansas  on  the  one  hand,  and  the  Red  River  on  the  other.  On  the  whole, 
as  great  a  thicknes  as  20,  or  even  15  feet,  of  uniform  and  unquestionably  alluvial  de* 
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posits  of  to-day  Vrill  rarely  be  seen,  even  10  feet  being  nnnsnal,  and  from  a  few  inches 
to  2  or  3  feet  the  most  common  range. 

From  this  point  of  view,  the  great  sand  bed  of  boring  No.  1,  at  Helena,  as  well  as  those 
lying  beneath  the  onqnestioned  alluvium  in  the  Choctaw  Bar  borings,  and  in  No.  1  of 
Lake  Providence  reaches  (Mayersville),  presented  a  doubtful  point,  these  sands  being  re- 
markably uniform  in  their  nature  and  appearance,  not  only  at  different  depths  in  the  same 
locality,  but  even  on  comparison  of  those  from  different  borings.  The  fact  that  in  all 
these  cases  the  massive  sand-beds  show  both  the  lignite  grains  and  those  of  quartz  spot- 
ted with  camelian,  which  they  have  in  common,  not  only  with  each  other,  but  with  the 
typical  *^  buckshot  clay ''  of  known  Port  Hudson  age,  of  which  an  authentic  sample  was 
fortunately  in  my  possession,*  is  sufficient,  in  the  absence  o^  fossils,  to  cause  them  all 
to  be  referred  to  the  Port  Hudson  epoch.  It  is  a  curious  fact  that  this  buckshot  clay, 
which  is  so  abundant  in  the  back  lands  of  the  bottom,  happened  not  to  form  the  surface 
at  any  point  where  borings  were  made,  unless  it  be  at  Greenville.  Stiff  clay  soils  were 
in  several  cases  found  at  the  surface,  but  these  were  underlaid  by  the  undoubted  river 
allavium. 

The  OreenvUle  boring  is  unique,  in  that  it  was  made  at  a  point  in  the  bottom  appar- 
ently above  high-water  mark,  and  that  coincident  with  this  the  red  and  spotted  quartz 
grains  with  lignite  were  found  in  the  sand  within  a  few  feet  of  the  surface.  No  micio- 
scopic  organisms  were  found  in  the  surfiice  soil,  but  even  that  is  unlike  the  river  allu- 
Tiam.  In  other  words,  it  seems  as  if  at  Greenville  the  older  (Port  Hudson)  materials 
were,  at  the  surface  near  the  river  bank,  as  some  distance  back  they  are  on  the  *' buck- 
shot" lands,  uncovered  by  any  alluvium.  The  local  elevation  of  Greenville  would  be 
analogous  to  the  *' Dogwood  Ridge  "  shown  on  the  map  of  the  Miasissippi  alluvial  region 
in  Humphreys  and  Abbot's  report,  as  the  only  land  above  overflow  in  the  Yazoo  bot- 
tom, 

Finally,  the  deepest  boring  of  the  whole  series,  No.  2  of  Lake  Providence,  is  unique 
in  that,  despite  of  its  great  depth  (248  feet),  it  has  fiuled  to  reach  the  tertiary  beds.  Mr. 
Wilson  was  misled  by  the  close  resemblance  of  the  clays  at  131.5  feet  and  below,  and 
also  by  the  overlying  lignite,  into  the  belief  that  the  rest  of  the  boring  was  in  tertiary 
materials,  which  conclusion  was  made  more  plausible  by  the  occurrence  of  calcareous 
nodules  and  materials  resembling  greatly  the  tertiary  marls.  The  microscopic  exami- 
nation, however,  leaves  no  doubt  of  the  fresh  water  and  '*  Port  Hudson ''  character  of  the 
oitire  boring  from  at  most  42.9  feet  down.  In  this  latitude^  moreover,  the  outcrops  of 
similar  materials  in  the  Yazoo  bottom  render  the  identification,  even  to  the  naked  eye, 
altogether  complete.  How  much  deeper  the  trough  was  excavated  into  the  tertiary  at 
this  point  is  open  to  oooijecture;  but  the  occurrence  of  the  tertiary  marl  at  110  feet  in 
boring  No.  3  (at  Hay's  Landing),  6  miles  southeast  from  Lake  Prqyidence,  shows  that 
the  deep  trough  was  not  continued  in  that  direction,  but  more  probably  in  a  southwest- 
erly course.  •  In  this  connection  it  should  not  be  forgotten  that,  as  I  have  shown,*  the 
great  drift  current  bore,  not  in  the  direction  of  the  present  mouths  of  the  Miasiaaippi, 
bat  toward  Vermilion  Bay.  This,  therefore,  is  the  direction  in  which  we  would  expect 
to  find  the  deepest  excavations  in  the  tertiary  materialB. 

As  regards  the  comparative  age  of  the  marine  tertiary  beds  at  Lake  Providence  (or 
rather  Hays'  Landing)  and  Choctaw  Bar  or  Helena,  the  larger  as  well  as  the  microscopic 
fossils  tend  to  show  that  while  the  beds  reached  at  the  first-named  locality  have  a  some- 
what different  faciea  from  those  above,  yet  the  horizon  of  the  next  higher  group,  the 
"Jackson,"  had  not  been  reached.  Now  it  is  known  that  southeast  of  Hays'  Landing 
on  the  Yazoo  River,  near  Haines's  Bluff,  the  Jackson  strata  begin  to  disappear  beneath  the 
water  level,  being  there  overlaid  by  a  lignitic  bed  of  variable  thickness,  which  in  its 
tarn,  at  the  Vicksburg  bluff,  is  capped  by  the  *'  Vicksburg  "  series.  The  dip  of  the  ter- 
tiary being  here  very  Tittle  west  of  south,  it  follows  that  at  Hays's  Landing  the  strata 
struck  at  110.7  feet  must  belong  to  a  group  considerably  below  the  Jackson  beds;  which 
is  in  effect  what  the  fossils  found  also  indicate.  In  other  words,  the  bed  belongs  to  the 
higher  portion  of  the  Claiborne  group,  and,  according  to  the  rate  of  dip  observed  at  Vicks^ 
burg,  the  Jackson  beds  would  not  be  reached  in  a  boring  of  that  depth  until  about  the 
latitude  of  Warrenton,  south  of  Vicksburg. 

The  general  conclusions  reached  as  regards  the  geological  history  and  structure  of  the 
great  bottom  within  the  limits  of  the  borings  in  question  are  therefore  these:  A  trough 
whose  depth  exceeds  at  one  po'int  248  feet  below  high- water  mark  has  been  excavated 
into  the  tertiary  beds  originally  filling  it  probably  to  a  height  considerably  above  that 
mark.f  This  trough  has  subsequently  been  filled  up  to  above  present  high- water  mark 
with  deposits  dating,  in  their  present  position,  from  the  period  of  gradual  depression  fol- 
lowing the  deposition  of  the  orange  sand,  and  during  which  the  orange-sand  materials 
were  eroded  and  redeposited  in  the  trough,  or  similar  materials  were  brought  de  novo 

*  For  geoloflrical  detAils  regarding  this  day.  refer  to  Dr.  £.  A.  Smith's  paper  on  the  Geology  of  the 
Hiasissippi  Bottom,  Proceedings  A.  A.  A.  S.,  1871,  p.  252. 
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from  northern  regions.  The  gravel  and  coarser  sand  were  of  course  left  in  the  more 
northerly  portion  of  the  trough,  while  in  the  southerly  one  the  comparatively  slack 
water  produced  deposits  of  sandy  loams,  fine  silt,  and  *^  buckshot ''  clay.  As  the  depres- 
sion increased  and  the  slack-water  ad\'anced  up  the  valley,  finer  materials,  like  the  sands 
overlying  the  gravels,  were  deposited,  and  finally  the  loess  and  yellow  loam  now  cover- 
ing the  uplands.  Upon  re-elevation  the  loam  and  loess  in  the  middle  portion  of  the 
trough  were  washed  away ;  but  when  the  resistent  buckshot  clays  were  reached  erosioui 
concentrated  upon  the  lines  of  least  resistance,  and  the  river  of  to-day  was  formed.  The 
great  alluvial  ridge  in  the  axis  of  the  valley  shows  that  while  the  river  has  shifted  its 
channel  by  the  formation  and  cutting  off  of  bends,  its  general  location  has  roughly  re- 
mained the  same.  Where  the  river  has  washed  away  the  ancient  deposits  it  has  left  its 
alluvium  overlying  such  as  remained;  but  while  at  many  points  the  alluvium ^/tn^  M 
river-beds  must,  of  course,  be  of  corresponding  thickness,  viz,  from  70  to  100  feet,  or  per- 
haps more,  alluvium  of  such  thickness  has  been  struck  only  in  boring  No.  5,  Choctaw 
Bar,  viz,  68.2  feet;  the  maximum  thickness  found  elsewhere  being  (in  the  case  of  the 
Hays'  Landing  or  I^ke  Providence  No.  3  boring)  56.8  feet,  and  mostly  between  25  and 
40  feet.  This  is  in  accord  with  the  similarly  shallow  depths  at  which  the  alluvium  was 
found  to  terminate  in  the  lower  delta. 

It  would  be  extremely  desirable  to  verify  these  conclusions  by  the  comparative  exam- 
ination of  samples  carefully  taken,  both  of  various  kinds  of  modem  alluvium,  and  of 
various  materials  of  the  noted  outcrops  of  the  Port  Hudson  group.  This  would  be 
especially  interesting  in  connection  with  borings  made  at  points  further  south  in  the 
great  valley  itself. 

PBEPATOBY  LETTER  BY   DB.    F.  V.   HOPKINS. 

San  Fbancisco,  Cal.,  May  1,  1883. 
Prof.  E.  W.  HiLOABD,  Ph,  D. : 

Deab  Sib:  The  microscopic  examination  of  the  specimens  submitted  to  me  by  you 
has  now  been  carried  as  &r  as  the  objects  had  in  view  by  the  Mississippi  River  Com- 
mission will  warrant.  In  fact,  it  has  been  carried  much  fiirther,  for  under  the  impression 
that  what  was  desired  was  a  full  account  of  their  fossil  contents,  such  as  I  had  the  pleas- 
ure of  preparing  for  you  in  the  case  of  the  Lake  Borgne  borings  in  1874,  I  figured  care- 
fully every  organism  observed.  The  tertiary  marls  proved  to  be  very  rich  in  foraminif- 
era,  almost  all  of  undescribed  species,  and  one  or  two  new  genera  may  have  to  be  created 
in  order  to  describe  them  fully.  This  work,  after  having  occupied  my  time  for  months, 
unfortunately  proves  to  be  of  little  avail,  the  Commission  having  decided  at  their  meet- 
ing in  January  last  to  publish  no  plates  with  this  report. 

Under  these  circumstances  I  have  done  what  I  could  to  compare  my  specimens  with 
those  already  described,  and  have  prepared  lists  of  names,  indicating  the  figures  in  the 
works  of  others  that  most  strongly  resemble  the  fossils  observed.  These  names  appear 
in  the  following  tables,  and  will  no  doubt  aid  in  the  determination  of  the  geological  posi- 
tion of  the  strata  through  which  the  borings  have  passed.  It  is  to  be  hoped  that  they 
may  attract  the  attention  of  naturalists  to  a  rich  and  as  yet  un worked  field  for  scientific 
research. 

The  specimens  were  prepared  for  examination  by  shaking,  or  in  the  case  of  clays  by 
boiling,  with  about  4  inches  of  water  in  a  6-inch  test-tube  until  the  grains  were  well 
separated.  After  settling,  first  for  25  seconds,  the  water  containing  the  finer  portion  was. 
decanted  into  another  tube,  and  a  fresh  supply  poured  in.  This  process  was  repeated 
four  times,  the  settling  being  5  seconds  shorter  each  time.  The  remaining  portion  and 
the  separate  deposits  in  the  tubes  were  then  examined  carefhlly  under  a  microscope^ 
with  powers  varying  irom  70  to  1,400  diameters.  The  results  are  set  forth  in  the  follow- 
ing tables. 

Yours,  very  truly, 

F,  V.  HOPKINS. 


*  Smithsonian  Contributions  to  Science,  No.  248;  also.  Prooeedinn  A.  A.  A.  8.,  1871.  p.  230,  ff. 

t  Tlie  height  at  which  we  find  the  tertiary  beds  at  this  time  on  we  bordering  bluffs  \b  pit>bablr 
not  a  ttAt  measure  of  the  amount  of  erosion,  since  the  axis  of  the  Mississippi  embayment  was  ob> 
doubtedly  a  trough  lower  than  its  border. 
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Record  of  examination  of  specimens  of  hoHngs, 

[Uicro0oopic  charaoier  by  Dr.  F.  V.  Hopkins:  larger  orffanismsand  final  determination  of  thestristM 

by  Prof.  E.  W.  HiTsard.] 

BORING  NO.  2,  MEMPHIS,  TENN.  (ON  BLUFF). 


Dewription  of  speci- 
mens. 


Depth. 


Quarts. 


LOESS. 

Vellow  silt,  non-oalca- 
reous. 

ORAXOB  8A2CD. 

Orange  yellow,  coarse 

fliAnd. 
■Blue  day,  with  yellow 
screaks. 

»  «llowish  sand 


Feei. 
to   47 


47     to  86.9 


Tour- 
maline 


Vege-  ; 
I  table  I  Mica. 
I  matter. 


Small  rounded  and  |  None..  A  little.'  None, 
I  clear.  i  I 


Variegated   with  j  None, 
pebbles. 

55.9 to   00.6     Small,   clear,   and    ....do... 
!      rounded.  I 

..do... 


None. 
...do.... 
...do.... 


None. 
...do... 
...do... 


>  «rse  sand  with 
:»:svel. 


^^^Jige-colored  sand., 
^■■'^nge-oolored  sand, 

jg'Tavelly. 
^^■■s^nge-oolored  sand, 
'«:»wer  part  oement- 
^5»^   by   iron  into  a 
,.  <S'«>nglomerate. 

W-»^ltfeh  clay 

SS^^tfBe  yellowish  sand. 

W-^^tish  cUy 

yellowish  sand. 


..do....  ....do AHUIe 


OO.eto  «3      I  Clear,  mixed  with 

I      chert  and  Jasper. 
63     to   98.9     Sharp  and  round- 

i      ed.  clear,  white,  ,  j 

I      yellow,  red,  and  i 

1      black. 

98.9to   99.8     Variegated do....  ...do L...do... 

99.8  to  117      ; do |....do....L...do l....do... 


117. 5 to  132. 2   do. 


.do. 


.do. 


.do.... 


None. 

(•) 
None. 
...do.... 

(t) 


None 

(t) 

(t) 


Small 
fossils. 


None- 

None. 
Do. 
Do. 
Do- 


Dcr. 
Do. 

Do. 


132.2  to  182.5  ;  Fine  and  clear i....do. 


TKRTIABY. 

Lagrange  Oroup, 

^^^tty  clay,  yellow- 
««h,  passing  into 
bluish  gray. 

^^•■my  sand.. 


132.5  to  138.4 
138.4  to  184.1 
134.1  to  139.3 


Variegated ;....do. 

Fine  and  clear i....do. 

Variegated i....do. 


.do... 
.do.... 
.do... 
.do.... 


.do. 
.do. 
.do. 

it) 


None ..;  Do. 

...do.... I  Do. 

...do.... I  I>o. 

...do....;  Do. 


130.3  to  150 

■ 

150     to  164.6 


I 


FUUwoodB  Cfroup. 

^Wffblue  clay.... 

^imyish  sand. 


»W(fI 


blue  clay ... 


164     to  167 

167     to  168.6 
168.6  to  275.1 


Clear,  small,  and 
rounded. 

Rounded  and 
sharp,  clear, 
some  white  and 
yellow. 


Very  small,  clear, 

and  round. 
Clear  and  round.... 
Fine  and  clear 


None..*      (g)     I  None..   None..'  None>. 


...do. 


.do. 


.do. 


.do.... 


Do. 


None.)  None, 


.do.. ..!... .do. 
.do....i      (I) 


None .. 


..do. 
..do. 


None..'  None.. 


.do., 
.do.. 


Do. 
Do. 


*C)Ml8ofpalfBOZoic  in  pebbles.    tOaHiiu  pebbles,    t  A.  good  deal.    i{Li;cnite  grains  and  larger  pieces. 

I  I4gnite  grains. 


N6TES  ON  Memphis  Section,  Boeings  Noe.  1  and  2. 

(B.  W.  HiLOABD.) 

The  loess  spedmens  within  the  first  47.2  feet  agree  entirely  with  the  usnal  character 
of  this  deposit  in  the  northerly  region.  It  is  mnch  less  calcareous  than  fiurther  sonth^ 
and  snails,  as  well  as  concretions  of  calcic  carhonate,' occur  only  in  streaks,  sporadically  > 
The  upper  10  feet  are  properly  a  suhsoil  layer  belonging  to  the  ** yellow-loam"  divi^ 
ion,  which  in  the  interior  is  directly  superimposed  upon  the  orange  sand  or  stratified 
<lrift. 

The  latter  presents  here  a  most  characteristic  section,  embracing  a  series  of  all  its; 
characteristic  materials,  even  to  the  ferruginous  conglomerate  of  coarse  sandstone,  whiclb 
here,  as  elsewhere,  marks  the  approach  to  an  impervious  or  clayey  layer.  The  lowe»t< 
portion  of  the  loess  also  shows  for  a  few  feet  a  change  toward  a  sandy  hardpan,  whieh; 
usually  forms  a  transition  to  the  orange  sand  proper;  and  at  the  base  of  the  latter  the- 
iocrease  of  sharp  sand-grains,  as  against  the  rounded  and  mstrincnisted  ones,  heralda 
the  approach  of  the  tertiary  sands  that  commonly  form  the  upper  portion  of  the  ^'l^oc^ 


484  REPORT   OP   THR   MISSISSIPPI   RIVER   COMMISSION. 

grange  gronpe ''  in  Tennessee.  The  great  clay  bed  with  occasional  streaks  of  gny  nad 
is  the  exact  counterpart  of  sections  obtained  in  bored  wells  in  the  '*  Flatwood  bdt'^  u 
lilississippif  including  the  variation  in  sandiness  that  is  so  apparent  between  230  ud 
245  feet  of  the  section.  As  these  clays  immediately  overlie  the  highest  cretaceous  of  the 
.-southwestern  States,  it  is  probable  that  between  100  and  200  feet  lower  down  the  cre- 
taceous limestone  would  have  been  reached  after  passing  through  a  zone  of  estaarum 
•deposits  with  silicified  marine  fossils.  The  dark-colored  conceretions  found  at  1817  ud 
204  feet  are  mostly  of  bird-shot  size,  and  consist  of  sand-ojains  cemented  by  brown  inn 
ore,  evidently  a  pseudomorph  after  iron  pyrites.  They  are  therefore  not  calcareous,  ai 
•Stated  in  the  record  of  borings;  nor  does  the  material  inclosing  them  show  any  sign  of 
-effervescence.  Had  it  been  otiierwise,  the  &ct  would  have  been  of  especial  interest,  m 
indicating  the  approach  of  oldest  marine  tertiary  strata  found  at  some  points  in  Miai9> 
«ippi  and  Alabama. 

Boring  No.  3  manifestly  agrees  in  all  prominent  points  with  the  sections  obtained  is 
the  bottom  borings  at  Helena,  Choctaw  Bar,  and  Lake  Providence;  viz:  the  tertiaiT 
strata  are  overlaid  first  by  a  heavy  deposit  of  gravel  and  gravelly  aand,  this  by  finer 
^umd,  and  this  finally  by  the  obviously  alluvial  liters. 
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Notes  ox  the  Helena  Section. 

(£.  W.  HiLOABD.) 

BOBINO  no.  2  (on  BLUFF). 

The  first  139.7  feet  of  this  section  is  highly  typical  loess,  with  land  snails  {ydix  aH^ 
labria)  and  loess  puppets  or  calcareous  concretions  of  the  silty  mass.  It  differs  quite  ob- 
yiously  from  the  yellowish  and  much  more  clayey  material  of  the  Memphis  bluff  and  the 
marginal  region  of  the  loess  in  Tennessee  and  north  Mississippi  generally,  which  may 
properly  be  distinguished  as  '^marginal  loess.'' 

"Die  materials  found  from  139.7  to  158  feet,  though  non-effervescent,  seem  most  cloeelj 
related  to  the  loess,  and,  with  the  underlying  siliceous  clays,  seem  to  correspond  to  the 
transition  strata  between  the  loess  and  orange  sand  observed  at  Vickabnrg  and  Gnod 
Gulf,  Miss. 

The  pebble  bed  at  167.8  to  171.3  doubtless  represents  the  orange  sand  i>ebble  bed,  whieb 
has  been  found  of  such  very  variable  thickness  by  Mr.  Wilson  in  this  very  locality,  and 
shows  the  same  variability  almost  everywhere  else. 

The  fossiliferous  clay  and  marl  bed,  171.3  to  231.3,  with  its  intercalated  layer  of  bldsh 
impure  limestone,  is  very  distinctly  characterized  as  tertiary,  of  the  (marine)  CUiboiBe 
Group  by  the  well-preserved  specimens  of  the  following  shells:  Mbnoceros  vehuia$  Lca, 
AdsBon  lineaius  Lea,  Nucala  magna  Lea,  Dentaiium  turritum  Lea,  or  microstriaimm  Heikt; 
NoHca  minima  Lea,  N.  magno-uwhUicata  Lea,  Pleurotoma  lAmsdalii  Lea;  there  is  besiiki 
an  undescribed  Pleurotoma,  FlaJbeUum,  and  Betepara.  The  abundance  of  microeooiHC  or- 
ganisms shown  by  Dr.  Hopkins's  record  is  very  remarkable. 
• 

BORING  NO.  1  (in  BOTTOM). 

This  boring  begins  at  a  level  about  138  feet  lower  than  No.  2,  and  reaches  to  a  depth 
greater  by  116  feet.  After  penetrating  27  feet  of  unquestionable  allaviuin,  it  penetntei 
first  56.4  feet  of  very  fine  and  uniform  sand,  which  then  becomes  coarser  and  sliglitly 
gravelly  through  the  succeeding  29  feet,  making  85.4  feet  of  sand.  The  materials  then 
become  gravelly  and  pebbly,  and  so  continue  with  variations  to  162.3  feet,  makii^iDaD 
131.3  feet  of  sandy  and  gravelly  materials,  the  physical  composition  of  which  shows  then 
to  belong  to  one  and  the  same  epoch.  Then  follow  strata  of  solid  days,  void  of  marine 
fossils,  but  agreeing  in  every  character  with  the  ''northern  lignitic  "  clays  penetrated  in 
the  Memphis  boring  at  the  lower  depths.  Helena  boring  No.  1  has  therefore  passed  be- 
yond the  limits  of  the  marine  Claiborne  strata  found  in  boring  No.  2,  reaching  the  ddest 
underlying  tertiary  at  the  lowest  level  at  which  it  has  been  found  in  the  borings  ooder 
consideration,  viz,  162.3  feet  below  the  high-water  reference  levd.  The  ready  disinte- 
gration of  the  calcareous  marls  has  allowed  the  ancient  floods,  charged  vnth  gravel,  to 
wear  them  away  down  to  their  tough  floor  clays;  the  latter,  contrary  to  the  statement  of 
the  boring  record,  show  no  signs  of  calcareous  matter. 
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NoTBS  ON  Choctaw  Bab  Bobinos. 

(B.  W.  HIIX2ABD.) 

In  the  profile  of  No.  2  we  have  down  to  50.5  feet  materials  such  as  are  currently  de- 
posited bj  the  river  at  the  present  time;  a  clayey  soil  above,  soch  as  is  formed  in  slsck 
water;  fi'om  1.2  to  23.6  feet,  the  river  silt,  not  easily  mistaken;  thenoe  to  50.3  feet  an 
originally  bluish,  now  brownish  loam,  such  as  the  river  forms  when  silting  up  old  bends, 
■and  which  can  be  observed  where  such  deposits  are  again  cut  away;  all  without  fo«k 

Then  comes  first  a  bed  of  fine  sand,  37  feet  in  thickness,  then  a  thin  sheet  of  blue  dsj 
and  beneath  it  coarser  sands  and  gravel,  continuing  down  to  121.3  feet.  The  oonsidff- 
able  thickness  and  uniformity  of  the  materials  of  this  bed  seem  to  point  to  the  actioi 
in  its  formation  of  a  mightier  body  of  water  than  the  present  river.  The  fi^quent  o^ 
currence  of  camelian  and  reddish  quartz  grains  also  seems  to  distingaish  these  dder 
sands  from  the  deposits  of  the  present  period,  in  which,  on  the  other  hand,  mia  ii 
usually  abundant.  Of  course  these  differences  cannot  be  absolute,  bat  only  of  deipree, 
since  the  older  materials  are  constantly  being  used  in  the  formation  of  modem  depodti 
On  the  other  hand,  the  almost  constant  presence  of  lignite  grains  serves  to  distingoid 
the  gravel  deposits  of  the  bottom  from  the  orange  sand  of  the  uplands,  ik  hich  is  peo- 
liarly  destitute  of  any  organic  or  oxidizable  materials. 

No  doubt  is  left  about  the  indentity  of  the  marine  Claiborne  beds  by  the  foeah,  t( 
which  boring  No.  2  has  been  more  prolific  than  any  other  of  the  set.  Apart  fhHD  tke 
abundant  microscopic  &una  shown  in  Dr.  Hopkins's  record,  the  following  larger  iamk 
were  identified: 

Otolites f  abundant;  Venericardia  planicosta  V.  rotunda  Lea ;  V.  tranaixrm  Les;  Or- 
btUa  MurcMsona  Lea,  C.  gibboBO  Lea,  C.  oompressa  Lea,  Lucina  papyracea  Lea  ?  fh^^meot  of 
a  TeUina,  and  several  of  a  triangularly  ribbed  Cardium ;  Dentaliutn  turrtum.  Con.,  or  D.  wi- 
^ostriatum  Heilpr,  Naiica  mifUfno  Lea,  N.  nutgno^mbilicata  Lea,  all  abundant^  OrKtrgiefli 
Lea,  Pleurotoma  Lonadaliiy  PL  CkUdrenij  PL  Beauemontii^  all  of  Lea,  and  two  other  sgeatL 
Fususpoffoda  Heilpr.,  F.  magnocostatua  Heilpr.,  and  two  oUier  species.  Two  epeam^ 
Pyruola,  represented  only  by  the  spire;  Turritetta  pUbeia  Say,  T.  MorUmi  Con.,  a  pretdltf 
sculptured  P^cctntfm,  Actaeanlineaius^  Lea;  Atletha  Tuomeyi  Con  ;a  Oancdlaria  not  described 
by  Lea;  fragments  of  a  MUra^  Oliva  OracUia  Lea;  a  badly  worn  spire  of  Mtmoeeret  vfMm 
Lea. 

The  other  borings  from  the  neighborhood  of  Choctaw  Bar  correspond  closely  to  Na  i 
except  in  that  the  thickness  of  the  alluvial  layer,  as  well  as  that  of  the  anderlyingnad, 
varies  from  place  to  place.  In  No.  5  the  alluvium  is  thickest,  being  ^  feet  Tlie  ssr- 
face  of  the  tertiary  seems  to  show  a  trough  excavated  to  40  feet  below  its  highest  point, 
cutting  squarely  across  the  two  bends  (from  No.  3  to  No.  2),  as  though  indicating  fori 
distance  of  5  miles  the  direction  of  the  ancient  eroding  current. 
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Notes  on  the  Lake  Providence  Reach  borings. 

(B.  W.  HlIX^ABD.) 

The  most  northerly  of  these,  the  Mayersville  boring  No.  1,  does  not  differ  in  an^ 
from  those  of  the  Choctaw  Bar.  Down  to  30.1  feet  the  material  seems  to  be  entii 
the  osnal  character  of  alluvium;  thence  to  118.6  feet  the  character  is  the  same  as 
where,  first  a  stratum  of  finer  sands,  then  gravelly  sand  and  larger  pebbles.  Thes 
feet  undoubtedly  belon:;  to  the  older  (Port  Hudson)  beds.  Whether  the  brownlsl: 
penetrated  between  118.6  and  132.9  feet  is  of  tertiary  age,  the  data  are  not  suffic 
definite  to  determine;  but  this  seems  to  be  the  most  probable  conclusion. 

Boring  No.  2,  the  deep  boring  at  Lake  Providence  town,  is  one  of  the  most  inl 
ing,  not  only  on  account  of  the  great  depth  reached  (248  feet),  and  the  great  vari 
materials  encountered,  but  mainly  from  the  &ct  that  at  this  great  depth  the  te 
strata  (contrary  to  the  impression  of  the  engineer  in  charge)  have  not  been  rei 
The  microscopic  examination  leaves  no  doubt  on  this  point,  the  more  as  the  exa 
tion  of  the  lignitlc  days  of  No.  3  showed  definitely  the  presence  of  foraminifei 
and  therefore  the  connection  of  that  material  with  the  marine  tertiary.  In  fact  tl 
terials  of  No.  2  form  a  complete  epitome  of  those  constituting  the  Port  Hudson  sir 
the  southern  part  of  the  Yazoo  bottom,  at  the  Port  Hudson  bluff",  and  on  the  sea 
exposures  at  C6te  Blanche  and  Weeks'  Island.*  The  calcareous  ooncretionsand  marly 
supposed  to  indicate  the  tertiary  age  of  the  lower  strata  of  No.  2,  are  extremely  c 
teristic  of  the  more  southerly  portion  of  the  Port  Hudson  formation.  The  lignite 
at  127.6  to  131.5  feet  also  cUfiers  materially  in  '* ripeness  "  irom  that  of  the  tertii 
in  Helena  boring  No.  1,  sample  13.  It  is  precisely  similar  to  t^at  found  both  at 
Hudson  and  on  the  Gulf  shore,  in  the  old  quaternary  deposits.  The  great  thickn 
the  latter  at  Lake  Providence  indicates  the  deep  erosion  of  the  tertiary  at  that 
located  probably  in  the  line  of  the  ancient  main  channel. 

The  upward  limit  of  the  Port  Hudson  materiids,  as  against  the  alluvium,  is  di 
to  draw  at  this  point,  in  consequence  of  the  great  diversity  of  materiids,  and  of  tl 
that  in  some  cases  the  undoubted  older  deposits  show  no  fossils.  Since,  hawev< 
grains  of  lignite  and  camelian  spotted  quartz  occur  at  42.9  feet,  that  depth  mi 
assumed  to  be  the  maximum  of  me  alluvium  proper  in  No.  2. 

In  No.  2  A,  close  to  the  other,  the  alluvium  evidently  stops  at  28.0  feet,  the  rest 
the  usual  bottom  sand  and  gravel  beds. 

No.  3,  the  boring  at  Hays'  Landing,  about  5}  miles  southwest  ftom  No.  2,  shows 
up'per  portion  the  san&e  unusual  vilriety  of  materials  as  No.  2.  For  that  veiy  rei 
is  extremely  probable  that  if  it  were  of  the  older  formation  the  corresponding 
would  be  easily  found.  The  depth  of  the  alluvium  here  may  therefore  probal 
placed  at  56.8  feet;  from  this  depth  to  tliat  of  109.0  feet  there  can  be  no  doubt 
true  character  of  the  older  or  *'  bottom  gravel. " 

Below  the  gravel  lies  the  tertiary  marl,  with  numerous  but  on  the  whole  bad! 
served  fossils,  recalling  the  aspect  of  the  higher  part  of  the  Claiborne  beds  in  easter 
sissippi,  or  that  of  the  Jackson  age  on  the  Yazoo  bluff  near  Satartia.  From  its  geoj 
ioal  location  ^d  the  imperfectly  known  southerly  dip  of  the  strata,  either  of  tl 
stages  of  the  marine  tertiary  might  here  be  looked  for.  Unfortunately  these  are  so 
number  as  not  to  allow  of  very  positive  conclusions.  Those  identified  with  more  < 
certainty  are  the  following: 

Leda  media  Lea  ?  Leda  pUeaia  Lea  ?  and  another  species;  Venerieardia  nUunda,  V, 
versa  f  Lea,  the  latter  identical  with  that  found  at  Choctaw  Bar;  a  Tarbinolia^  and 
cies  of  Lunulites,  not  described  by  Lea;  a  fragment  of  a  Tellina, 


u 

^j        '  The  Ledas  are  foreign  to  the<  Jackson  group^from  which  only  the  very  distinc 


muUilineaUi  is  known.     Venerieardia  rotunda  belongs  to  both  the  Jackson  and  Cla 
beds,  but  nothing  resembling  V.  irantveraaj  or  the  fossil  hero  observed,  occurs  in  the 
son  beds.     On  the  other  hand,  the  leading  fossils  of  Choctaw  Bar  and  Helena — th 
talium  and  the  Nnticas^  as  well  as  the  OtoHten,  are  here  wanting.     It  is  therefore 
bly  one  of  the  higher  divisions  of  the  Claiborne  age,  separated  from  the  one  occ 
above  by  the  partly  lignitic  beds  here  underlying;  a  feature  of  such  common  occu 
in  Western  Mississippi  and  Louisiana  that  it  is  rather  the  rule  than  an  exception 
microscopic  organisms  confirm  the  view  that  while,  the  bed  has  strong  affinities 
direction  of  the  Choctaw  Bar  and  Helena  beds,  yet  it  is  somewhat  distinct  in  the 
rence  and  especially  in  the  predominance  of  species. 

•See  the  writer's  memoir,  No.  248  of  the  Smithsonian  Contributions  to  Knowledge. 
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LIST  OF  LARGER  FOSSILS. 
[From  the  boriDgs  at  Choctaw  Bar,  Helena,  and  Lake  Providence  Reach.] 


VKRTEBRATA. 


<:>toiaef. 


Choctaw 
Bar,  No.  2. 


BrVAI^VKB. 


,^Ofitda  media^  Lea?.. 
ijMcata,  Lea?. 


rueula  magnay  Lea 

'W^eneHcardia  planiCy  sta 

"M^enericardia  rotunda^  Lea.... 

'W^enerieardia  Irarwversa.Lea . 


^T^hrhula  Murehiaoni,  Lea.. 

^^oHmlatfibbotay  Lea. 

^^^Ivrbtiia  eompreno.  Lea  ?.. 


•^CAteina  jxipyraeea,  Lea? , 
^ruuno. 


^CSardiwn,. 


UKIVAI^VSB. 

-XyenUxlhnn  turrUum,  Lea,  or.... 
-23.  micftMtrtatum,  Heilpr 

-^iioUioa,  minima,  Lea. 


TaUca  tnagnthumhUioaiaJjeeL 
^3r&i«  roteOa,  Lea  ? 


-^^'Uwroioma  LontdaUiy  Lea 

■^^^letirvioma  Chilclreni,  Lea 

^^^teuroloma  BeautnontHy  Lea., 
— ^P=*(et«ro<oma • 

-^^^murcioma 

-^^kuua  pagoda,  Heilpr , 

^^Viirus  mai^noooflaliw.  Lea  ?. ... 


^TurrUeUa  pUbeia,  Say... 
^tSirrUdla  Jtfortoni,  Con 

^Sfuoeiti  um 

-rf^ef«on  UnecUuf,  Lea 

-^A^aton  pontZiiw,  Lea..... 

etieon  pyi/VMietUL  Lea.. 

(UMi  eanceUala,  Lea ... 


\tldha  Tuomeffiy  Con. 


^^^MieeOaHa 

^MiUra 

^piiva  gr€LcaiSy  Lea 

tonocero*  veltuiuM,  Lea 

COBALB. 


-^labeUum.. 
^\irbinolia. 
XliunulUes... 
-Sefepora?.. 


Abundant. 


1 
1 


1 

4 
4 


8 


Abundant. 


Abundant. 
1 


1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
8 
2 
8 
8 
1 
1 
2 


1 
1 
1 

r 


Hel  e  n  a. 
No.  2. 


Abundant. 


Abundant, 


8? 
Abundant. 


1 


Lake     Provi- 
dence, No.  2. 


t 


:} 


3 


;} 


) 


Remarks. 


Specimens  too  fragmentary  to 
be  definitely  identified,  but 
all  distinct  from  Leda  mtdtUi- 
ne€Ua  of  Jackson. 

A  small  frtkgment  of  anterior 
end,  but  well  defined. 

Very  younfc  specimens,  but 
well  chanusterized. 

Fragments  too  indefinite,  but 
perhaps  a  distinct  species. 

Lea*s  figures  and  descriptions 
of  C  gihbosa  and  eompresta 
leave  a  doubt  between  them 
when  the  anterior  portion  is 
wanting;  perhaps  all  those 
marked  C.  gibbo»a  should  be 
assigned  to  young  of  C.  Mur^ 
ehitoni. 

Probably  the  young  of  L.  papy- 
roeea.  Lea. 

A  very  smooth-surfaced  species, 
too  fragmentary  for  speciflc 
identification. 

Shell  thin  and  ribs  triangular ; 
not  ornate. 

Smaller  than  Heilprin*s  type 
firom  Wood*s  Bluff,  but  not 
otherwise  distinct. 

Several  imperfect  nieoimens 
seem  referable  to  this  species 

Well  preserved  except  mouth ; 
leave  some  uncertainty. 

A  dottbtfril  fkngment  of  body 
whorl. 

The  specimens  are  small  and 
often  much  worn,  so  as  to 
render  identification  difficult 
without  direct  comparison 
with  originals. 

In  the  absence  of  Uie  canal, 
mostly  wanting,  Uiese  species 
are  difficult  of  identification. 


Spire  only,  not  identifiable. 

Toung  specimens,  but  hardly 
doubtful. 


Well-preserved  specimens  of  alL 

Fragments,  but  characteristio* 
ally  marked. 

Part  of  body  whorl,  quite  de- 
finite. 

Near  parva.  Lea,  but  spire  lower. 

Complete  specimen. 

One  specimen  almost  complete ; 
that  from  Choctaw  Bar  doubt- 
ful. 


Not  described  by  Lea. 
Indefinite  cast  in  a  piece  of  marl. 
Not  described  by  Lea. 
Do. 
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